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freshwater animals are divided into two main categories, (i) 
animals of Rowing water and (ii) animals of standing water. 
Each of these groups can be again divided into two formations 
according to habitat, making four in all:—(I) animals of rapidly 




C. 


d. 


Text-fig. 2. Transverse sections through the deepest part (about 
commencement of dorsal) of the four types of fishes from different habitats. 
a. Baryta tor (Ham. Buch.), a river fish. 6. CoiUi caiUx (Ham. Buch.), 
a hsh. X f ; c. Bartua ticto (Ham. Buch.), a pond or pool fish, x ; 
a. Bahtora brucei Gray, a torrential fish. 

Barbus : Length 46*6 inches ; greatest girth 23*5 inches, co. 50%. 
co^fa • Length 23-0 inches ; greatest girth 21*0 inches, m. 01%. 

Heto : ^ngth 2*6 inches ; greatest girth 2*0 inches, ca. 80<*o. 
Bahtora brucei : Length 4’2 inches ; greatest girth 1*7 inchel^. ca, 43%. 


flowing streams, (2) animals of slowly flowing streams, (3) animals 
of lakes and other larger pieces of water, and (4) animids of pools, 
ponds, springs and other small, confluied stretches of water. 
All these habitats can be classified further into ‘ associations ’ 


4 SUNDER LAL HORA [VOL, I, 

and»‘ strata but, so far as the fish are concerned, the smaller 
divisions are not of much significance. 

I'orm;—It is well known that the great diversity of form 
found among fishes is definitely correlated with their equally 
diversified modes of locomotion. For instance, in fishes adapted 
for rapid locomotion, the body forms a simple wedge for cleaving 
the water. In bottom fishes the head and body are gieatly 
depressed for crawling, whereas in fishes that move compara¬ 
tively slowly through water or just remain suspended in it, 
the body is laterally compressed and the vertical axis is greatly 
lengthened. In burrowing fishes, or fishes that normally live 
in crevices and holes, the body is snake-like. ‘ The old ichthyo¬ 
logists, even down to Linnaeus, depended in great measure on 
them [body forms] for classification ; but although often the 
same form of body obtains in the same group of fishes, similarity 
of form by no means indicates natural affinity ; it only indicates 
similitude of habits and mode of life’.^ 

Locomotion: —^Although the muscular movements of fishes 
have been studied for a long time, the exact significance of 
these movements has only been realized during recent years 
as a result of the researches of Gray.^ In all text-books^ on 
ichthyology, the function of locomotion is assigned to the fins ; 
the tail and the (jaudal fin are regarded as the chief organs 
responsible for the forward movements of fishes. Breder® and 
(Jray (op. cit,) have shown that in a fish moving forwards the 
waves of muscular contraction start from the anteriormost 
region of the body and the role of the caudal fin is to offer re¬ 
sistance to the transverse movement of the fish and to exert 
a fraction of the forward propulsive tlnust. It is thus seen 
that, according to the latest researches, both the head and the 
tail-fin are concerned in the locomotion of fishes. 

In the light of what is stated above, it is now possible 
to understand the views expressed on the above-mentioned 
subjects in BvAruta. The passage ^ rvms as :— 

1 Giinther, An Introduction to the Study of Fishes, p. 36 (Edinburgh, 
1880). 

2 Gray, Journ. Exper. Biol., X, p. 88 (1933); Proc. Roy. Soc. London 
(B) CXIII, p. llo (1933); Nature, CXXXl, p. 825 (1933). 

3 Breder, Zoologica, IV, p. 159 (1926). 

* »rt^T n 

farf^iiT I 

#«rT ^r: t 
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Tiddeyd guravo madhye yasmdt 

river deeper in the since 

(fish) (bulky) middle 

sarasixiddgajdndrp, tu 

of the lake-tank on the other 
(fish) hand 

aduragocard yasmdt tasmdd 

of-not-wide since hence 

expanse 

Icinciri’mulctvd Mrodemm atyartham 
a little leaving head portion extremely 


pvA^hdayacdri^fuli H 

tail-snout-movemcnt 


vi^e^e^a siro laghu 

particularly head small 


utsodapdnajdh \\ 
spring-pool-(fish) 


adhastdd guravo jneyd 
from big should be 
below (broad) known 
urovimra7),dt ie§dm purvam 
from-moving- of them front 
-with-ohest 


guravas tu te | 
deep on the they 
(bulky) other 
hand 
smrtdjf, 11 

of torrents traditionally 
known 

angam laghu smftam i 
body small traditionally 
known 


rmtsydh saraBijah"^ 
fishes 


A free translation^ of the passage may be given as follows :— 


1 Acoording to Dr. Chhab/a, ' Sarasija (lit. “ born-in-Iako ”) i-> an 
avibhaktilopa samasa : i.c. a eomponnd whore the declinatory teiinination 
is optionally retainded. Sarasija and saroja are thus s.Mionyrns ; in the 
latter, however, the tenninatioii / is dropped.’ 

‘ (generally Saras donotos lake ”, “ pool ”, “ pond ”, “ tank ” or 
** spring ”, but here it imiHt mean something differ(*nt, as the word in itt> 
UHuai senw(' has already been U8e<l in the foregoing stanza. Moreover, 
we are dealing with two different body-form-j o lishes obviously living in 
two different habitats. The saroja (in sarasiddngnjaadrii) in one type 
of fish and sarasija is another, as is evid«*nt from the description. Dr. 
Hora informs tno that the description of the latter agrees with that of 
the torrential fishes and, therefore, saras is not used here in its usual 
sense but means a “ torrent ”. The word is deriv<‘d from the root \/sr 
** to flow ” {sarati ^ iti=zsara^ “ that which flows is called saras ”). It is 
thus seen that though in common usage the word saras refers to standing 
pieces of water, lit(‘rally it nutans “.something flowing”. Jn Dvirupa- 
IcosQy saras is given as a synonym of nirjhara as well, which un¬ 
doubtedly iiK'ans a “ waterfall ” or a “ torrent Thus the meaning 
assigned to Sarasijdh is even in agreement with that sanctioned by the 
lexicons.’ 

2 Kaviraj Kunja Lai Bhisagratna {An English Translatio}i of the 
Sushruta Satnhita, T, ]j. 493, Calcutta, 1907), translates this passage 
as follows 

‘ Kivt'r-fish are heavy at the middle, owing to the fact of their 
moving about witli the help of their head and tail, while those' which 
are cultured in tanks and ponds (Sarah and Tadaga) are spot ially 
light about their heads. Fish, w^hich are found in hill streams or fountains, 
are extremely heavy about the parts a little below the region of their 
head, on account of their being confined wdthin narrow^ limits and the 
consequent absence of any lengthy sweep. Fish reared in large tanks 
(Sarasi) are lighter in the foreparts of their body and heavy in tlieir 
lower parts, as they put their entire pressure upon their breast at the 
time of swimming.’ 
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The river fish are bulky in the middle because they move 
with their head and tail; the lake and tank fish are similar to 
the above but are characterized by a i datively smaller head; 
the spring and pool fish, as they have not much space to move 
about, are extremely deep behind the head ; the fishes of the 
torrents are traditionally well known by the possession of two 
characteristics, the greatly flattened body on account of their 
habit of crawling with the chest, and a relatively reduced 
anterior part of the body. 

According to Suiruta, the freshwater fishes are grouped 
into 4 ecological ‘ Formations (i) river fishes (== animals of 
slowly flowing streams),^ (ii) lake and tank fishes or fishes of 
the natural and artificial large stretches of water (=animals of 
lakes and other largo pieces of water), (iii) spring and pool 
fishes or fishes of the natural and artificial small stretches of 
water (=animals of pools, ponds, springs and other small, 
confined stretches of water) and (iv) torrential fishes (=animal8 
of rapidly flov^ing streams). It is further shown that the body 
forms of fishes are characteristic of those habitats—wedge- 
shaped form in rivers, smaller size of head in lake and tank 
fishes, lengthening of the veitical axis in spring and pool ^hes, 
and lastly the greatly flattened and depressed form in torrential 
fishes. It is remarkable that even reasons are assigned for the 
correlation between the different forms and the corresponding 
habitats—^river fishes are wedge-shaped because they move 
with their head and tail (fast-moving fishes); the vertical axis 
of the spring and pond fishes is lengthened because they do not 
move about much and torrential fishes are greatly flattened for 
they crawl with their chests closely applied to rocks and boulders. 
It is still further remarkable that the ancient Hindus were 
familiar with the fact that in the movements of fishes both tlie 
anterior and the posterior parts are concerned. Breder (op. 
cit,) discovered this in 1926 and Gray (op. cit.) has now^ demons¬ 
trated definitely that in the locomotion of fishes the initial 
movement starts from the anteriormost region of the body 
and that the tail also exerts a fraction of the forward propulsive 
thrust.., It is thus seen that the ancient Hindus were more or 
less familiar with our present conceptions of the principles of 


Presumably in the absence of sufficient knowledge regarding the 
body fonns of fishes, the author of the above translation could not give 
appropriate meanings of Sarah ^Saras) and Sarasi (locative form of 
Saras) occurring in connection with two types of body forms. In the 
Sanslmt language, as in other languages also, it is not unusual that one 
and the same word may havo different meanings ; its exact significance, 
however, can only be judged with reference to the context. Saras means 
a large expanse of water, such as a tank or a lake, and also a brook or a 
torrent {vide note 1 on p. 6). The translation of Utsa and Vdapana aa 
hill streams or fountains is also defective. In fact, to understand the 
above passage a knowledge of fishes is as essential as that of the language. 

1 See Pearse’s classification of freshwater habitats (vide supray p. 3.) 
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ecological segregation and fish locomotion. They also knew 
the laws governing the correlation between body-forms and 
habitats, body-forms and habits, and habitats and habits. 
It is surprising that after years of hard work we are now discover¬ 
ing oert6dn principles of animal biology which appear to be so 
clearly enunciated in the passage from SuSrvia quoted above. 

The observations on torrential fishes, with which I am 
fairly familiar, are most illuminating. It is known that all 
hill-stream fishes, which use their chests and paired fins for 
adhesion, are greatly flattened and the flattening is directly 
proportional to the rapidity of the current.^ The organs of the 
anterior part of all hill-stream animals are either reduced or 
modified, for this is the portion against which the rapid current 
strikes and it is not safe to leave this part free to be swayed by 
the eddies of the current. Su^ruta’s mention of the flattening 
of the body, crawling with the chest and the reduction of the 
anterior part is fully borne out by my researches on torrential 
populations. 

The exact age of Su^ruta’s monumental work on the Indian 
system of medicine is very difficult to determine. Bhi^agratna 
(op. dt,) has, however, discussed the age and personality of 
Su^ruta and seems to have come to the tentative conclusion 
that ‘ At all events Nagarjuna who redacted the Sushruta 
Samhita lived about the latter part of the fourth century before 
the Christian era ; and the original or Vridha Sushruta must have 
been written at least two centuries earlier in order to acquire 
that hoary authority and prescription of age, which alone could 
have given its right to a recension at the time ’ (pp. iii, iv). In 
connection with the observations on hiJ’ stream fishes, Su6ruta 
makes it clear that the characteristics enumerated by him were 
traditionally well known in his time, so there seems no doubt 
that several centuries before the Christian era Hindus had 
discovered what the modem researches are bringing to light 
now. 

This article is written in the hope that it will stimulate 
Oriental scholars to collect old Sanskrit and Pali texts bearing 
on Indian Ichthyology. A careful analysis of such texts—^in 
reference to animals in general—^in the light of modem advances 
would alone enable us to confirm or controvert the views of 
the European writers in reference to the zoological knowledge 
of the ancient Hindus. 

In the end I have to thank my cousin, Dr. Bahadur Chand 
Chhabra, for his kind and valuable help in connection with the 
translation of the Sanskrit text. I am grateful to Dr. B. Prashad 
for going through the paper. 


* 1 Hora, Phil, Trana, Roy, Soc, London (B) CCXVIII,pp. 231-24D 
(1930); Mem, Ind, Mua,, XII, pp. 323-325 (1932). 
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Introduction. 

About a year after my return from Edinburgli in August, 
1929, I Het myself to work out the flora of the Hyderabad Stale, 
Deccan. My interest in Systematic* Botany was mainly created 
by my inspiring teacher, Sir William Wright Smith, Regius 
Keeper of the Royal Botanic (Wden, and Professor of Botany, 
University of Edinburgh. His advice to me was to collect and 
identify the chief plants of the Hyderabad State, and to publish 
a report as early as possible. He strongly believed that such a 
pic'ce of work would be of immense value to the young students 
who would thus be able to acquaint themselves \vitli the local 
plants and develop general interest in Botany. 

The present paper is a record of some of the plants found 
either under cultivation or growing wild in the Hyderabad 
Dominions. I have at present restricted my attention mainly 
to the city environs and Pakhal, a talukha of the Warangal 
District of Hyderabad. It is interesting to note that the Pakhal 
forest, extending over several miles, provides a diversity of 
plant life. The rich flora of this region and the neighbouring 
places, viz. Muluk, etc. would, however, take a considerable time 
to work out in detail. 

The arrangement of the families is in accordance with the 
classification adopted by Bentham and Hooker in ‘ Genera 
Plantarvm \ Altogether 302 species belonging to sixty-two 
families of Dicotyledons have been recorded, out of which 
about 206 are of medicinal value. The remarks about the 
various species and the local uses mentioned are the results 
of my investigation. Sometimes more than one plant is given 
the same vernacular name, hence the vernacular names may not 

( 9 ) 
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be strictly adhered to. Thus ‘ Qorak4mli ’ is the local name 
for Fithecolobium dulce (Mimosoideae), whereas the same name is 
given to Adansonia digitata (Monkey-bread tree or Baobab), etc. 

Acknowledgments . 

I am greatly indebted to my assistant Mr. Abdus-Salam^ 
for the collection of some of the material and the general 
help he has rendered me in the systematic classification of the 
specimens, and to Dr. B. K. Das for his suggestions. My 
sincere thanks are due to Mr. K. P. Biswas, Curator of the 
Herbarium, Boyal Botanic Garden, Calcutta, for his kindly read¬ 
ing through the typescript and for ids valuable suggestions which 
have been incorporated in this paper, and to Dr. S. L. Hora 
of the Indian Museum, Calcutta, for kindly correcting the proofs. 
I am also indebted to Mr. Mayuranathan of the Madras Museum 
for kindly verifying some of iny identifications and to Mr. Abur 
Rahman Khan for some of the specimens. 

General Topography and Physical Features of 
THE Hyderabad State. 

Hyderabad, with an area of 82,698 square miles, is one 
of the largest of the Indian States, and lies between 15® 10' 
and 20® 40' N. and 74° 40' and 81® 35' E. It forms a polygonal 
tract occuxiying almost the centre of the Deccan table-land with 
the Khandesh District of the Bombay Presidency on the north¬ 
west, Berar and (.^entral Provinces touching it on the north, and 
bounded on the south by the Krishna and the Tungabhadra 
rivers, which separate it from the Guntur, Kurnool, and Bellary 
Districts of the Madras Presidenc^j. On its west lie Ahmadnagar, 
Sholapur, Bijapur, and Dharwar Districts of the Bombay 
Presidency, and on the east it is bounded by the Wardha and 
the Godavari rivers, and the Krishna District of Madras. It has 
a little more than two and a half times the area of Ireland, or 
1? of the combined areas of England and Wales. 

The average elevation of this extensive plateau is about 
1,250 feet above the sea level with a few summits here and 
there rising from 2,500 to 3,500 feet. Roughly speaking, it 
is divided into two large and nearly equal, but geologically and 
ethnologically quite distinct, divisions separated from each 
other by the rivers Majra and Godavari. The portion to the 
north and west belongs to the trappean region (that is to say, 
the Marathwari and Kanarese regions), while the south and 
east are granitic and calcareous. The former or the black 
cotton soil country (as it is commonly called) is a land of wheat 
and cotton, while the latter (or the Telangana side) is a land of 
rice and tanks. The black cotton soil is, of course, richer than 
the granitic one, retaining moisture for a considerably long time, 
and in spite of cliffs, crags and undulating hills, is, therefore,. 
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covered with luxuriant vegetation. In the granitic region of 
the Telangana Districts, the hills are practically destitute of 
vegetation, but the plains are covered with low plants and 
shrubs of every description. In this region the soil for the most 
part is sandy, and does not retain water. The surface of the 
country has a general slope from north-west to south-east, the 
main drainage being in this direction. » 

Chief Hill and Mountain Ranges of the State .—The Balaghat 
range extends almost east and west of Hyderabad, with a 
length of 200 miles and an average width of miles from east 
of Nander District to Ashti in Bhir District. The Sahyadri 
Parvat runs along the north, from Nirmal in Indur District in 
the east, reaches Ajanta after passing Parbhani and the Provinces 
of Berar, and proceeding further in westerly direction it finally 
reaches Khandesh in the Bombay District. Its total length 
within the State is about 250 miles, of which about 100 miles 
is styled as the Ajanta Hills. In addition, the Jalna Hills, 
Kandikal (Jutta (or SirnapalU) and other smaller ranges run 
through Ihe State. 

Rivers of the Hyderabad State .—The principal rivers are the 
Godavari and the Krishna (Kistna), with their tributaries the 
Tungabhadra, the Puma, the Penganga, the Manjra, the Bhima 
and the Maner. In addition, there are many smaller streams, 
such as, the Musi, the Windi, the Munair, and others. The 
Godavari enters the State at Phultaraba in Aurangabad District, 
flows through it and the districts of Parbhani, Nander, Indur, 
and Adilabad for a distance of 500 miles, and changing its 
course at north-east corner of Elgandal and Warangal Districts, 
until at Paranthpalli, in the latter district, entei’s the Godavari 
District of Madras. It is joined by Manjra, which rises in the 
Patoda Taluka of Bhir District, after a course of 387 miles 
through Bhir, Osmanabad, Bidar, Medak, Nander, and Indur 
Districtxs. The Krishna crosses the border of the Bijapur District 
of the Bombay Presidency at Echampet in Lingsugur District, 
and taking a south-easterly course traverses the Districts of 
Lingsugur, Raichur, Mahbubnagar, Nalgonda, and Warangal, 
forming the southern boundary of the last three districts, and 
consequently of the State, The Penganga rises in the Sahyadri 
Parvat, and runs eastwards along the north of Hj'^derabad, 
separating Parbhani, Nander and Sirpur Tandur (now Adilabad) 
Districts from the southern parts of Berar. In Sirpur Tandur 
it flows along the western and northern bordeis until it falls 
into the Wardha river, north of the Rajuia taluka. 

The geological formation of the State are the recent and 
ancient alluvia, laterite, Deccan trap, Gondwana, Kurnool 
and Cuddapah and Archaean, of which the most laigely developed 
are the Deccan trap and the Archaeari, covering immense areas 
in the north-western and south-eastern portions of the territory, 
respectively. 
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This communication deals with the vegetation of the 
Warangal District of the Telangana side in detail, and I have 
selected one of its Talukas or sub-districts, viz. Narasampet as 
a suitable place to start with. 

The average temperature, rainfall, barometric conditions, 
etc. for the principal districts under investigation are given in 
the following tables :— * 
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Average Temperature (in degrees — Fahrenheit), 
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II. 

Average Rain fall (in inches). 
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N.B .—For Warangal District latest data were not avsiilable. 

1 All figures given for Hyderabad in the second row of tables I and II 
and the whole of the t able III on p. 13 represent values for the last seven years 
ending 1931, whereas others in tables I and II indicate those for the 10 
and 25 years respectively ending 1901 {Imp. Qaz. Ind., Vol. Xlll, p. 234, 
1908). I am grateful to Mr. T. P. Bhaskaran, M.A., F.R.A.S., Director 
of the Nizatniah Observatory, II.E.H. the Nizam’s Government, 
Hyderabad (Deccan), for placing the latest information relating to the 
average temperature, rainfall, barometric conditions, etc. at my disposal. 
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III. 


Average barometric condition, ^.e. barometric 'pressure in inches and 
movement of wind in 24 hours. 
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Warangal District. 

Warangal, formerly known as Khainmamett, lies between 
16° 38' and 18° 36' N., and 78° 50' and 81° 33' E., and has a total 
area of 9,729 sq. miles. It is bounded by the CVntral Provinces, 
District of Chanda and the Madras Districts of Godavari and 
Krishna on the oast and south-east, and by the Hyderabad 
Districts of Nalgonda, Atraf-i-Balda, Medak, and Kareemnagar 
on the south, west and north respectively. A range of lo\/ 
hills runs from Pakhal and Singareni to Ashwaraopet in 
the south-east, bounding the lower Godavari valley. The 
Kandikal Gutta range, 50 miles in length, extends from the 
south-east to Chinnur in the Adlibad District. Ten miles north¬ 
west of Warangal are the Chandragiri hills and 14 miles west of 
it, the well-known iron hills of Hasanparti. The country around 
the town of Hanamkonda is about 1,700 feet above the sea-level, 
but the average elevation of the district is only 870 feet. The 
whole country is dotted with isolated hills. 

The two principal rivers within the Warangal District are 
the (irodavari and the Krishna. The former touches the district 
noith of Mangapet in the Pakhal Taluka, and, flowing in a south- 


I All figures given for Hyderabad in the second row of tables T and II 
on p. 12 and the whole of the table III represent values for the last seven 
years ending 1931, whereas others in tables I and II indicate those for the 
10 and 26 years respectively ending 1901 {Imp. Oaz.Ind.^ Vol. XIll, p. 234, 
1908). I am grateful to Mr. T. P. Bhask^an, M.A., F.R.A.S., Director 
of the Nizamiah Observatory, H.E.H the Nizam’s Government, 
Hyderabad (Deccan), for placing the latest mformation relating to the 
average temperature, rainfall, barometric conditions, etc. at my disposal. 


Wind Velocity 
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easterly direction along its eastern boundary, leaves it at the 
south-east of Paloncha, where it enters the Godavari District 
of Madras, after a course of 113 miles within the Warangal 
District. The Krishna passes along the southern boundary of 
the ELhammamett Taluka for a short distance only. There 
are, besides these, many minor rivers and streams. The Pakhal 
lake in the Pakh^ Taluka has been formed by erecting a dam, 
2,000 yards long, across the Pakhal river, between two low 
head lands. The lake is 8,000 yards long by 6,000 yards broad, 
and, when full, covers an area of 3 3 square miles. 

" Agriculture in the Warangal District, —The soil in some 
parts is granitic aiM in others, viz. Pakhal, Paloncha, Elhamma- 
mett, etc. it is black and rich. The staple food crops are 
jamr {Sorghum vulgare), bajra {Pennisetum typhoideum), maiz 
{Zea mays), wheat {Triticum vulgare), tobacco {Nicotiana 
tahacum), etc. Cotton is grown to a small extent in all talukas. 
Other crops are oil-seeds and pulses. Detailed information 
about the forest trees is given under each family. 
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Systematic Account. 

I. MAGNOLIACE^. 

1. Michelia Ghampaca Liiin., F,BJ.y I, p. 42. 

Vem> Names: Champa (Hind.); Sampangi (Tel.), 

Habitat: Commonly grown in gardens, and near Hindu 
temples for its sweet-scented flowers. 

Vacs : The Hindus use this plant in their religious 
ceremonies. The wood, which is of a light olive-brown colour, 
is durable, takes on good polish, and is used for making furniture. 
A very refreshing perfume is extrac‘tod from the flowers, which 
are also used in the treatment of leprosy, boils, itch, and gonor¬ 
rhoea. The flowers and fruits are used in dyspepsia, nausea, 
and fever. The perfumed oil extracted from the flowers is 
useful for application in cephalalgia, ophthalmia, and gout. 
The bark is regardi'd as an astringent, stimulant, febrifuge and 
expectorant. The root is described as purgative. 


11. anonacp:^. 

2. Anona squamosa Linn., FMJ.y I, p. 78. (Custard Apple.) 

Vern, Names : Sitaphal, Sharif a (Hind.); Sitapalam (Tel.). 

Habitat: it is now naturalised in India and is found ii.. 
a wild state throughout Hyderabad. It is cultivated for its 
fruit. 

Uses: The fruit is very much relished. Medicinally, the 
ripe fruit is considered a maturant. Bruised and mixed with 
salt, it is applied to tumours to induce and hasten suppuration. 
The dried raw fruit, pomdered and mixed with gram flour, is 
used to destroy vermin. The bruised leaves with salt make a 
cataplasm to induce suppuration (Atkinson). The root is said 
to be a strong purgative and is often used in cases of acute 
dysentery. The seeds are a powerful irritant of the conjunctiva 
(Kirtikar). 

3. Anona reticulata Linn., F,BJ,y I, p. 78. (Bullock’s 
Heart). 

Vern, Names: Bamphal (Hind.); RamsitapcUam (TcL), 

Habitat : Cultivated in gardens. 

Uses : The bark is considered a powerful astringent. 
The fruit though largely eaten locally, is not half as tasty as 
that of A. squamosa. 
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4. Anona murlcata Linn., Cooke, I, p. 15. (The Sour-sop.) 
Vern, Name : Mamphal (Hind.). 

Habitat : Like the preceding species it is only occasionally 
found growing in gardens. This species was introduced into* 
India from Tropical America. 

5. Artabotrys odoratissimus R.Br., I, p. 54. 

(Green Champa.) 

Vern. Name : Madanmast (Hind.). 

Habitat: Often cultivated in gardens throughout the 
Dominions for its sweet-scented flowers ; said to grow wild in 
some i)arts. Flowers in winter. 

6. Polyalthia longifolia Benth. and Hooker, T, p. 62. 

Vern. Names: Asok, Ashoka (this is popularly called 
Ashoka, though the real Ashoka of Sanskrit authors is Saraca 
indica); Ashuphal (Hind.); Devadarti (Bengali and Tcl.). 

Habitat : Often planted near Hindu temples. Not wild. 

Uses : It is used as a febrifuge in the Balasore District of 
Orissa (Sir W. W. Hunter). Its wood is commonly used for 
packing cases. 

III. MENISPER-MACEiE. 

7. Tinospora cordifolia Miers, F.B.I., 1, p. 97. 

Vern. Na7nes: Gul-bel, Oiloe (Hind.); Oulancha (Beng.); 
Tippa tiga (Tel,). 

Habitat : Found in most forests throughout the Dominions. 
Also cultivated because of its medicinal properties. 

Uses : According to Kirtikar, the medicinal value of this 
]3lant is due to a small quantity of Serberine present in it. It 
is used as an aphrodisiac, alterative and tonic. A starch is 
obtained from the roots and stems known as ‘ sat-i-giloe \ 
which appears like Arrow-root. It is useful in chronic diarrhoea, 
in some forms of dysentery, in intestinal irritability, weakness 
of the stomach, and heat of stomach causing temperature, 
burning of palms and soles, in rheumatism and in gonorrhoea. 

8. Cocculus villosus DC., F.B.I., I, p. 101. 

Vem. Names : Farid-butti (Hind.); Diar (Mar.). 

Habitat : Quite common in hedges on the Marhatwari 

side. 

Uses : The juice of the leaves, mixed with water, has the 
property of coagulating into a green jelly-like mibstance, which 
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is taken internally, sweetened with sugar, as cure for gonorrhoea 
(Kirtikar). 

According to Roxburgh, ‘ A decoction of the fresh roots, 
with a few heads of pepper, in goat’s milk, is administered for 
rheumatic and old venereal pains ; half a pint every morning is 
the dose. It is reckoned as heating, laxative, and sudorific 

The root is said to be alterative and a good substitute for 
sarsaparilla. 


rV. NYMPH^:A(^EiE. 

9. Nymphsea Lotus Linn.. 1, p. 114. (Water Lily.) 

Vem, Na7nes : Kamal, Kavval (Hind.); Salv (Beng.). 

Habitat : (Hiltivated in ponds in some parts of Hyderabad. 
The pond of the Public Gardens, Hyderabad, is full of it. 

V. PAPAVEHAC^EJ^:. 

10. Argemone mexicana Linn., F.B.L, 1, p. 117. 

Vmi. Name : Pila dhatura (Hind.). 

Habitat : Quite common in waste places, cultivated fields, 
aiong roadsides, etc. 

Vsefi : The yellow juice of the plant is used in jaundice, 
dro])SN and cutaneous affections. The seeds are laxative, 
demulcent, etc. being used in coughs, asthma, and other disease 
The oil is a strong purgative* and expectorant : and the root an 
alterativ^e tonic. 

11. Papaver somniferum Linn., F.B.I., 1, p. 117. 

(Opium Poppy.) 

Vent. NanHf<: Afvan (Arabic); Apm (Hind.) for the alka¬ 
loid only, Khaah-Khafih (Hind.) for seeds only. 

Habitat : Gultivated in very limited areas. Regulations 
have been iTnj)osed by the Government on its cultivation and 
consumption. 

Fsefi : Opium (Afirn), ^\hich is obtained by cutting notches 
in the half ripe capsules, and collecting the latex exuding from 
them, is an intoxicant and stimulant. It is sold in licensed 
shops. In big doses it proves fatal. Its therapeutic uses are 
too well kno\^Ti to be described in detail here. The seeds known 
as ‘ khash-khash ’ or ‘ Posta dana ’ are used in curries here, 
and in some sweets also. An infusion prepared from the poppy 
heads, is used as a soothing application for bruises, swellings, 
inflammations, etc. (For details refer to Indigenous Drugs of 
India by Col. R. N. Chopra.) 
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VI. CRUCIFERiE. 

12. Brassica nigra Koch, I, p. 156. 

(Black Mustard.) 

Vem. Names : Raiy Kali rai (Hind.); Avalo (Tel.). 

Habitat : Commonly cultivated for its seeds. 

Uses : The use of the seeds in poultices is well known. 
Mustard poultices are efficaceous in inflammations, neuralgic 
and rheumatic affections. 

The seeds taken internally are laxative. The fresh oil is 
a stimulant and mild counter-irritant when applied externally, 
hence it is useful in mild attacks of sore-throat, chronic muscular 
rheumatism, etc. (Kirtikar). 

13. Brassica Rapa Linn., F,B.L, I, p. 156. 

(The common turnip.) 

Vem. Names : Shaljam, Shalgam (Hind.). 

Habitat ; Very commonly and extensively cultivated 
throughout the Hyderabad State. 

Uses : The taproot is eaten after cooking, so also the 
fruit (singri). 

14. Brassica oleracea Linn., Watt Diet. Econ. Prod. 

Ivd., V, p. 533. 

The following varieties are commonly grovn for food 
throughout Hyderabad :— 

(a) capitata (cabbage). 

Vem. Name : Bund-gobhi (Hind.). 

(h) caulorapa (Knol-khol or Kohl-rabi). 

Vem . Name : KnoUkhol. 

(c) botrytis (cauliflower). 

Fern. Name : Phoohgobhi (Hind.). 

15. Raphanus sativus Linn., F.B.I., 1, p. 166. 

(Radish.) 

Vern. Names: Mooli (Hind.); MvUangi, Mvli-gadda (Tel.). 

Habitat : Commonly cultivated for its taproot. 

Uses : The root {Midi) as well as the fruit (Singri) is 
curried. 

VII. CAPPARIDE.E. 

16. Gleome viscosa linn., F.B.I., I, p. 170. 

Vem. Name : Hulhid (Hind.). 

Habitat : Very wild throughout the Dominions. 
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Uses : The seeds, leaves and roots are used in medicine. 
Seeds are considered effective for removing round worms. 

17. Capparis horrida Linn., F.B.L, 1, p. 178 ; Cooke, 
FI. Bomb. Pres.y Part 1, p. 48. 

Vern. Name : Ardanda (Hind.). 

Habitat : Wild everywhere. The material was collected 
from hedges and fields in the vicinity of the city. 

Uses : A cataplasm made from the leaves is used in boils, 
swellings and piles (Atkinson). The bark, along with country 
spirit is given in cholera (Campbell). For further information 
see Watt, Diet. Econ. Prod. Ind., Vol. 11, p. 132. 

VIII. PORTULAC^EAC. 

18. Portulaca oleracea Linn., T, p. 246. 

(Indian Purslane.) 

Vern. Names : Kulfa, Khurfa (Hind.); Boddu-pavili-hira 
(Tel.). 

Habitat: Commonly cultivated for its economic and 
medicinal uses. Also grows as an escape in cultivated grounds 
and gardens. 

Uses : The shoots are curried. It is supposed to be a 
refrigerant and alterative. As an article of diet it is useful in 
liver disease and scurvy. The seeds are believed to be vermifuge 
they are also useful in urinary diseases, dysentery and diarrhoea. 
‘ The juice of the herb is applied with adv.Oitage to prickly heat, 
also to the hands and feet when a burning sensation is felt in 
them : it is taken internally in spitting of blood.’ 

19. Portulaca quadriffda Linn., F.B.J., T, p. 247. 

Vern. Names: Khatte-chaval-ki~bhaji (Hind.); Peddapavili- 
kura (Tel.). 

Habitat : A common weed tliroughout the Hyderabad 
State. 

Uses : The shoots are curried. The leaves and seeds are 
used in medicine and possess properties identical to those of the 
above species. 

IX. MALVACEAE. 

20. Hibiscus esculentus Linn., Cooke, FI. Bgmb. Pres.^ I, 
p. 112. (Lady’s finger.) 

Vern. Names: Bhindi (Hind.); Penda, Benda-kaya (Tel.). 

Habitat : (-ultivated all over the Dominions. 
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Uses : The tender fruits are used as vegetables. The 
fruits and seeds are of medicinal importance. They are des¬ 
cribed by the Indian physicians as cold and moist. The fruit 
is good for irritating cough. The mucilage from the fruits and 
seeds is useful in gonorrhoea and irritation of the genito-urinary 
system. Locally the mucilage is often mixed with powdered 
limestone to make it sticky for white-washing purposes. 

21. Hibiscus cannabinus Linn., I, p. 339. 

Vent, Names : Ambada (Hind.); Ohongu~kura (Tel.), 

Habitat: (Cultivated throughout the State. 

Uses : The leaves are used in curries. The seeds, lea\es 
and juice are of medicinal importance. The seeds are said to 
bo fattening, and are used as an external application for pains 
and bruises. The juice of flowers is a popular remedy for 
biliousness. The leaves are used as purgative. 

22. Hibiscus sabdariffa Linn., 1, p. 340. 

(The * Roselle ’ of Indian Gardens.) 

Vern . Names : LdUA mbada (Hind.); Erra-gomkaya (Tel.). 

Habitat : (Cultivated throughout the State. 

Uses: The dri<^d calyx is used in curries. The seeds, 
fruits and leaves are used in medicine. The seeds are useful in 
dysp(*j)sia, etc. The fruit is anti-scorbutic. The leaves are 
regarded as emollient, and are often curried. 

23. Hibiscus rosa-sinensis Linn., F.B.J., I, p. 344. 

(Shoe-Flower.) 

Vern. Names: Gurhaly Jasund, Jasoon (Hind.); Jasvan 
(Mar.). 

Habitat : Cultivated in gardens and in houses almost all 
over the State. 

: The juice of the petals is used foi colouring sugar 
and confectionary pink (Kirtikar) and to blacken leather shoes 
(Masters). The flowers, leaves and root are of medicinal im- 
])Oitance. The flowers, owing to their brilliant colour aie also 
very commonly used in temples. The root is valuable in coughs 
(S. Arjun). An infusion ol the petals is a demulcent and re¬ 
frigerant drink in fevers (Moodeen Sheriff). The^ leaves are con¬ 
sidered emolient and aperient (Murray). 

24. Hibiscus syriacus Linn., F.B.I.y I, p. 344. 

Habitat : Cultivated throughout the Dominions as an 
ornamental plant. 
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25. Malva sylvestris, FMJ., I, p. 320. 

Vern, Naim: Vilayatikangoi-ka-jhar (Hind.). 

HabitcU: I have seen it growing wild round about 
Hyderabad. 

Uses : All parts of the plant are used medicinally for their 
cooling and mucilaginous properties. 


26. Thespesia populnea Soland ex Correa., F.B.L, 1, p. 345. 

(Tulip or Portia tree, Bhendy tree.) 

Vern. Names : Rhendi-ka-Jhar, Paras-pipal (Hind.). 

l^ses : The bark, roots, leaves, flowers, fruits and seeds are 
all used in medicine. The yellow juice of the fruit is useful in 
cutaneous diseases. A decoction of the bark is given internally 
as an alterative (Ainslie). In C’oncan, the flowers are employed 
in the cure of itch (Kirtikar). The leaves are employed as a 
local ap])lication to swollen and inflamed joints (Dymo(*k). 

27. Gossypium herbaceum Linn., FBI., 1, p. 346, 
(Indian (V)tton). 

Vern. Names: Rui, Kapas (Hind.), Praiti (Tel.), Kapus 
(Mar.). 

Habitat: (Hiltivated extensively oii the Marathwari side 
(Aurangaliad, «Jalna, Parbhani, and ir manj other districts of 
the State). 

Uses : Apart from the economic importance ot cotton 
vliich this ])laiit jirovides us with, almost all its parts, viz., 
bark, seeds, leaves, flowers and root-bark arc of great medicinal 
value. The cotton wool is apjilied to burns, cuts, etc. The 
seeds are employed to procure abortion. They are also given as 
food to cattle, because they increase the secTetion of milk. 
They arc also said to be an antidote for snake jioison. A poultice 
of the flowers is ax)i)lied to burns, etc. and their syrup has a 
stimulating and an exhilarant effect. The juice of the leaves is 
a tonic, and is used in dysentery, diarrlnea, and fever. The 
root is diuretic and demulcent. 

28. Gossypium barbadense Linn., 1, p. 347. 

Habitat : 1 found this rare ])lant growing in the city of 

Hyderabad. It has not been recorded in the JForest Flora of 
Hyderabad (Partridge), in w^hich not only the tyjiicat indigenous 
forest plants are described but some of the other common plants 
as well. 

Uses : The cotton is used for stuffing pillows, etc. 
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29. Eriodendron anfractuosum DC., F.BJ., I, p. 360, 

Vem. Names: Safed semul, Haitian (Hind.); Buruga 
(Tel.); ShametUa (Mar.). 

Habitat : Found towards Aurangabad side. Not very 
common. 

Uses : The silky cotton, which is really produced from the 
innei wall of the capsule, is used for stuffing pillows and cushions. 
The gum is useful for bowel complaints. The leaves, roots and 
raw fruits are of medicinal value. ‘ The leaves are ground into 
a paste and administered in gonorrhoea ’ (Surgeon Thomas). 
The taproot is used in gonorrhoea and dysentery. The unripe 
fruits are regarded as demulcent and astringent. 

30. Bombax malabaricum DC., F.B.L, I, 349. 

(Silk Cotton tree.) 

Vern, Names: Hemul (Hind.); Mundlahuraga-chettu, Burga 
(Tel.); Kanta-Sair (Mar.). 

Habitat : Very common throughout the Dominions. Tt is 
extremely common and abundant in Pakhal. 

Uses : The soft whitish wood is employed in making boxes, 
toys, fishing floats, etc. The trunks are often hollowed out to 
make canoes, especially on the Godavari river. The cotton is 
used for stuffing pillows and quilts. The gum, seeds, fruits, 
root-bark and flowers are of medicinal importance The gum 
is used as an aphrodisiac, useful in gonorrhoea, dysenterv and 
diarrhoea. The young fruit is stimulant, diuretic, tonic, aphro- 
di-.iac, expectorant, etc. The taproot is demulcent, tonic, 
slightly diuretic and aphrodisiac (Kirtikar). 

31. Adansonia digitata Linn., F.B.L, 1, p 348. (Monkey- 
bread tree or Baobab.) 

Veyn. Names: Gorak-knll, Haiti-Kattian (Hind.), Bima- 
chinta (Tel.), Gonik-chintz (Mar.). 

Habitat : I have seen a few trees round about the cit>' of 
Hyderabad, but it is common in Aurangabad (Marhatwari 
District). Its original homo is Africa. 

Uses : Leaves, bark and fruits are used in medicine. The 
yellowish fruit pulp, which becomes dry and pith-like when 
npe, is acid and makes a very pleasant refrigerant drink. It 
is astringent in diarrhoea, like gallic acid (Kirtikar). Locally 
it is used in dysentery. Walz has given the name ‘ Adansonin ' 
to an active principle he extracted from the bark. According to 
Moodeen Sheriff, the bark is useful to some extent in simple and 
complicated cases of continued and intermittent fevers. The 
fibre is also useful. 



1936J COMBfOK FLOWBRINO PLANTS OF HYDBBABAD STATB 23 

32. Abutilon indicum G. Don., F.BJ., I, p, 326. 

Vern, Names: Kanghi (Hind.); Kungain (Mar.). 

Habitat : Common, especially abundant on the Marhatwari 

side. 

Uses : An infusion of the leaves or of the roots is prescribed 
in fevers as a cooling medicine (Ainslie). A decoction of the 
leaves is used as a mouth-wash in cases of tooth-ache and tender 
gums, and also in gonorrhoea and inflammation of the bladder 
(Kirtikar). The seeds are effective in coughs. 

X. TILTA(^E/E. 

33. Grewia asiatica Linn., Roxburgh, FI. hid., 11, p. 586. 

Vem. Names : Falsa (Hind.); Phutilci (Tel.). 

Habitat: (’ultivated in gardens for its fruit throughout 
the Hyderabad State. Messrs. Kanjilal and Duthie’s description 
of this plant tallies with the specimens J have examined, but 
so far 1 have not met with a tree of Grewia Grewia asiatica 
growing here can very safely be regarded as a shrub. 

Utses : The drupaceous fruits are reddish-brown when raw, 
and bluish black when quite rii)e. The^ are widely eaten and 
also made into a delicious Sherbet ^ with w'ater and sugar. 
J)r. Stew'art says that an infusion of the bark is used as a de¬ 
mulcent and according to Rev. A. Campb(dl the' Santals use the 
root-bark for pustular eruptions and sores. 

34. Grewia tiliaefolia Vahl., Roxburgh, Ft. Ind , IT, 

p. 587. 

35. Grewia populifolia Vahl., F.B /., 1, p. 358 

36. Grewia pilosa Lamk., Roxburgh, FI. Ind., Tl, j). 587. 

37. Grewia salvifolia, F B.I., 1, p. 386. 

XI. LINFLE. 

38. Linum usitatissimum Linn., F.B.I., I, p. 410. 

Vern. Name>s: Alsi (Hind ), Alasi (Tel.); Alshi (Mar.). 

Habitat : Cultivated in several ])arts of the Dominions. 

Uses : The seeds and flowers are of great medicinal 
importance. Linseed poultice is recommended for gouty and 
rheumatic swellings. Flowers are said to be a tonic for heart. 

1 Any type of cold drink prepared out ot fruit-juiee is called 
* Sherbet ’. 
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Linseed oil is much used in medicine as well as for polishing 
furniture. 

39. Erythroxylon monogynum Roxb., I, p. 414. 

(Bastard Sandal.) 

Habitat : Oomraon in the forests along Godavari on the 
Marathwari side. 

Uses : Leaves, wood, and bark are used in medicines 
(Kirtikar). There is hardly any doubt as to the wood being 
used as a substitute for sandal. The leaves are said to be 
oaten in famine (Dr. Bidie and E. A. Partridge). An infusion 
of the TV 00(1 and bark is stomachic, diaphoretic and stimulant 
diuretic, useful in light cases of dyspepsia and prolonged fever. 
The leaves are refrigerant (Moodeen Sheriff, cf. Kirtikar). 

Xll. MALPTGHIACE/E. 

40. Hiptage Madablota Gsertn., I, p. 418. 

Vern. Names: MadhaviJata (Hind.) ; Mndhavi (Mar.) 
Madhavi fige (Tel.). 

Habitat : It is found throughout the hotter parts of India 
and Oylon. In Hyderabad it is frequently foTind in gardens. 

Uses : ‘ The leaves are esteemed useful in cutaneous 

diseases and the juice is specially mentioned by Moodeen Sheriff 
as an effectual insec'ticide, and a valuable application in scabies. 
Useful in chronic rheumatism and asthma.’ (Watt. Diet Econ. 
Prod., I, p. 253.) The leaves aie eaten by cattle. 

XllT. ZYGOPHYLLEJi:. 

41. Tribulus terrestris Linn., F.B.J., 1, p. 423. 

Vern, Name : Gokru (Hind.). 

Habitat : Very wild throughout Hyderabad, growing in 
fields and gardens. 

Uses ; The entire plant is medicinal, especially the fruit 
and leaves. The fruit is regarded as cooling, diuretic, tonic and 
aphrodisiac (Kirtikar, Vol. T., p. 250). An infusion of the stems 
is taken for gonorrhoea (Stewart). 

XIV. GERANIACEJi:. 

42. Averrhoa Garambola Linn., F.B.I., T, p. 439. 

Vem. Names : Kamrakh, Karmal (Hind.); Karomonga (Tel,). 

Habitat : Extensively cultivated in gardens throughout 
the Dominions fox its fruits. 
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Uses: There are two varieties, one with sweet fruits, and 
the Other with sour fruits. The latter are used in curries, and 
are pickled. The juice is used, for removing iron-mould stains 
from linen. ‘ The acid dried fruit is given in fevers ' (Irvine, 
p. 56). It is cooling and i>osses8es anti-scorbutic properties 
(Watt’s Dictionary^ I, p. 360). ‘ The ripe fruit which contains 

Oxalic acid is a good remedy for bleeding piles (Internal piles). 
It is also good in relieving thirst and febrile excitement.’ 
(Moodeen Sheriff, cf. Kirtikar, Vol. I, p. 23S.) 

43. Averrhoa Bilimbi Linn., F.B.L, I, p. 430. 

Vern. Names: Kamaranga (Beng.), Bilimbi, Belambu 
(Hind.), Vilimbi (Tel.). 

Habitat: Less commonly cultivated than A. carambola. 
I have seen more trees on the Aurangabad side than anywhere 
else in the Dominions. 

Uses : Raw fruit is very acidic, made into ])ickles, also 
used in curries. Its juice is used for removing iron-mould 
stains from clothes. Much the same medicinal properties as of 
A, carambola, being a useful dietary article in piles and scurvy, 
relieving thirst, etc. 

44. Impatiens Balsamina Linn., (^ooke, FI. Bomb. Pres., 
Part 1. p. 174. 

Vern. Name : Guhi-Mehndl. 

Habitat : (\dtivated in gardens all 'ver as an ornamental 
plant. 

45. Oxalis corniculata Linn., F.B.L, 1, p. 436. 

Ver7i. Names : Amoti (Hind.): Palla-chinta (Tel.). 

Habitat : F^xtremely common and a troublesome ui^ed in 
gardens throughout Hyderabad. In villages its favourite 
growing place is in shady areas under the mango trees. 

Use.8 : Only the leaves (excluding the petioles) are used as 
vegetable. The leaves are cooling, refrigerant and stomachic. 
The fresh juice extracted from them is said to relieve intoxication 
from Datura ; and said to be useful in dysentery and prolapsus 
of the rectum (Dutt). An infusion of the small leaves is given 
as a cooling medicine in fevers (Honingberger). It is used 
externally to remove warts and opacities of the cornea (B. 
Powell). Curried leaves are said to improve the appetite and 
digestion of dyspeptic patients. A poultice of the leaves 
prepared with hot water is very efficient for boils. The leaves 
are refrigerant and antiscorbutic. (Moodeen Sheriff, cf. Kirtikai, 
Vol. I, p. 236.) 
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XV. RUTACEiE. 

46. Murraya exotica Liim., I, p. 602. 

Vern. Name : KvrUi (Mar.). 

Habitat : Common throughout the Dominions on cultivated 
lands and in gardens. 

47. Feronia elephantum Correa, F.B.L, I, p. 516. 

(Wood apple.) 

Vern. Names: Kaweet or Kaitha (Hind.); Elka (Tel.); 
Kawat (Mar.). 

Habitat : Throughout the State. Cultivated for its fruits. 

Uses : The pulp of the fruit along with the seeds is eaten. 
It is sweet and slightly acidic to taste. The fruit is used as a 
stomachic and stimulant in diseases of children. The unrii^e 
fruit is described as astringent and is used in combination with 
‘ beta ' fruits of Aegle Marmelos and other medicines in diarrhoea 
and dysentery. The leaves are a useful remedy in salivation 
and sore-throat. Bark, leaves, gum and fruit are of medicinal 
value 

4S Ruta graveolens Linn. var. angustifolia, F.B.L, I, 

p. 485. 

Vern. Names : Badaf (Hind.); Sadapa (Tel.). 

Habitat : Quite common all over, cultivated for its leaves. 

f ^ses : The dried leaves are given to children suffering 
from catarrh. They arc also useful in rheumatism. The herb 
and oil are also of medicinal imjiortance, being stimulants chiefly 
of the uterine and nervous systems. 

49. Citrus medica Linn , F.B.I., I, p. 514. 

Vern. Names : Nimbu, Limu (Hind.); Nimma-pandu (Tel.), 

Habitat : (Generally cultivated in gardens for its fruit. 

The different varieties under cultivation are the followiiAg :— 
1. Citrus medica proper, the Citron. Turang, Kutla 
(Hind.); Nima-pandu (Tel.). 

11. Citrus Limonum Risso, the Lemon. Barra nimbu 
(Hind.): Pedda Nima-pandv (Tel.). 

HI. Citrus acida Pers., the sour lime ; khatta nimbu, 
limu (Hind.). 

IV. Citrus Limetta Risso, the sweet Lime: Mitha or 
sharbati nimbu (Hind.); sakar nimbu (Mar.). 

Uses : All the varieties are of great economic and medicinal 
importance. 
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50. Citrus Aurantium linn., F.BJ., I, p. 615. 

(The orange.) 

Vern, Names: Narangi, Santara (Hind.), Narangapandu 
(Tel). 

HMtat: Cultivated for its fruit in gardens throughout the 
Dominions especially on the Aurangabad side. 

Uses : The fruits are eaten, being regarded by the Unani 
physicians as cold and dry, good for colds and coughs when 
febrile symptoms are present, also for biliousness and diarrhoea. 
The peel is useful for checking vomiting, and expelling intestinal 
worms, also good for removing pimples. Orange sherbet is 
refreshing, cooling and stimulating, taken especially in the hot 
season. The water distilled from the flowers, and the essence 
extracted in the form of oil from the rind and flowers, are also 
of medicinal importance. 

51, Citrus decumana Linn., F.B,L. I, p. 510. 

(Pomelo.) 

Vern, Names : (.%akotra (Rind,) \ Eda-pandu (Tel.): Batabi 
Li bn (Beng.). 

Habdat : Cultivated in gardens all over for its fruit. 

Uses: The fruit is eaten, but is not much relished. The 
leaves are useful in certain diseases. 

52. Aegle Marmelos (Correa., F.B.I., 1, p. 51(). 

Vern. Names: BaeJ, BaehphaJ (H*.xd.); Bdvnpnndu (Tel.) 

Habitat : Common round about the city in gardens, and 
in the forests. 1 have seen many trees growing apj)arently wild 
in Pakhal and the adjacent districts. Jt is also cultivated. 

Uses : Root, bark, flowers, fruit and rind are of medicinal 
value. The tree is sacred to Hindus and is often planted near 
temples : its trifoliate leaves are offered to the gods. The pul]), 
either from the ripe fruit or obtained by roasting the green one, 
is extremely good for stomach complaints. Baehsherbat (from 
ripe fruit) is very refreshing and cooling. 

XVI. BURSERACEAC. 

53. Balsamodendron Mukul Hook, F.B.I., I, p. 529. 

Habitat : Common in the Aurangabad District (Marhatwari 
side), less common on the TelaJhgana side. 

Uses : The ‘ Ougal ’ is used in preparing an ointment for 
ulcers. It is largely used by the Hindus as an incense in their 
temples. 
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54. Boswellia serrata Roxburgh, F.BJ., I, p. 528. 

Vern. Names: Ainduk, Salai (Hind, and Mar.); Anduku 
(Tel.). 

Habitat : Common on dry hills throughout the Dominions, 
in the hottest and driest exposures. 

Uses : The green-gum-resin possesses an/agreeable scent, 
and is used as an incense. An oil is distilled from the gum- 
resin, said to be useful in venereal complaints and is also used 
in making an ointment for sores. 

55. Garuga pinnata Roxburgh, F.BJ., 1, p. 528. 

Vern, Names : Garuga, Qarga, Oaru (Tel.). 

Habitat ; A wide-spread tree in the forests almost through¬ 
out the Dominions. 


xvn. MELTACE^. 

66. Azadirachta indica A. Juss., F.R./., 1, p. 544 ; (^ooke, 

FL Bomb. Pres., Pt. ll, p. 207. (The Margosa tree.) 

Vern. Names: Neem (Hind.), Ya'pa (Tel.), Nirnbay (Mar.). 

Habitat: Very common and wild throughout the 
Dominions, growing in villages and on road sides ; planted in 
compounds of houses and in gardens. 

Uses : All parts of the tree are of groat economic and 
iTKjdicinal importance. The oil extracted from the fruits is 
antiseptic and is recommended by the Indian physicians for 
sores, itches and the like. A hot decoction of the tresli leaves 
is much used for washing and dressing wounds. It is a very good 
substitute for boric powder and other disinfectants and anti¬ 
septics. ^ The toddy obtained from the bark is refrigerant, 
nutrient and alterative tonic : the flowers are a demulcent tonic 
and stomachic ; the gum demulcent-tonic ; the oil, nuts and leaves 
local stimulant, insecticide and antiseptic : the root-bark, bark 
and young fruit tonic and antiperiodic ’ (Kirtikar —Indian 
Medicinal Plants). The twigs are used for cleaning the teeth ; 
one end of the twig is crushed to make it brush-like. Tt is 
considered very healthy to sleep or rest under a Neem tree. It 
is held sacred by the Hindus who make idols of its wood. Most 
parts of this tree are employed in medicine. 

o7. Melia azedarach Linn., F.B.I., 1, p. 544. (Persian Lilac ; 

Bead-tree ; Bastard cedar.) 

Habitat : Not wild, but common under cultivation through¬ 
out. 



1935 ] COMMON FLOWERING PLANTS OF HYDERABAD STATE 29 

Uses : The root-bark, bark, leaves, flowers, and fruits are 
all used in medicine. 


XVlll. CELASTRINPLE. 

58. Gymnosporia montana Roxburgh, F.B.L, I, ]). t)21. 

Vern. Name : Danii-chettu (Tel.). 

Habitat: Very wild, covering miles and miles of forest. 

Uses : The bark ground to a paste is applied with other 
oils to the head for destroying ])ediculi (fortikar, Vol. 1, 
p. 230). 

For information regarding the disintegrating action of the 
roots of this plant refer to Mr. A})dur Rahman Khan’s notes in 
‘ Current Science J, p. 78 (1932), and in ‘ Nature ’, (^XXXI, 
p. 844 (1933). 


XIX. RHAMNbLE. 

59. Ventilago madraspatana (foertn., F./i./., 1, p. 030. 

VerJi. Natnes: Smigur-tiga (Tel.) , Lokhandi ; Kanwaii 
(Mar,). 

Habitat : (bmmonly found in almost all forests. 

Uses : The root-bark gives a valuable red dye and it is 
also iHed in medicine locally. 

00. Zizyphus jujuba Lamk., F.BJ.. 1, ]). 032. 

Vern, Names: fier (Hind.); Begn-pandn (Tel.): Ber (Mar.). 

Habitat : Very wild in forest all over. 

Uses : The ripe fruits are eaten. Wootl is used for agri¬ 
cultural implements and fuel. Tassar silk-worms and lac 
insects feed on its heaves and branches. 

01. Zizyphus vulgaris Lamk., F.H./., I, p. 033. 

Vern. Names : Un7iab (Arabic). 

Habitat : (Cultivated for its fruit. 

Us(s : Dried fruits are used in medicine for ])urifying the 
blood. Syru]) of the dried fruits is used for cough. Bark and 
gum are also medicinal. Dufing famines in certain areas the 
poor cultivators ]>owdcr the dry fruits (together with the seeds) 
of the wild variety and make a kind of meal out of whic*h they 
prepare bread. 
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XX. AMPELIDEiE. 

62. Vitis vinifera Linn., F.B.L, I, p. 652. (The Grape Vine.) 

Vem, Name: Angur-ki-beL 

Habitat : Though cultivated in gardens throughout, it is 
extensively grown in Aurangabad (Marhatwari side) where it 
produces good fruit. 

Uses: The dried fruits (Monakkai-Hind,) are used in 
medicine. Grapes and raisins are attennant, suppurative and 
the most digestible of fruits, purifying the blood and increasing 
its quantity and quality (according to Mohamadan writers and 
Kirtikar, I, p. 345). 

I have found fish manure along with cowdung, and blood 
to be very effective for the production of good fruit. 

63. Vitis iatifolia Roxb., F.B.L, I, p. 652. 

Vern. Names: Katti-bel, Pani-bel (Hind.) ; Puladiga, 
Doba4iga (Tel.). 

Habitat : A common climber in most forests throughout 
the Dominions. 

Uses : The tender leaf-buds are curried. 

XXL SAPINDACE^. 

64. Sapindus laurifolius Vahl., F.B.L, I, p. 683. 

(Soap-Nut tree.) 

Vern. Names : Ritha (Hind.) : Kukudu (Tel.) ; Arita (Mar.) 

Habitat: Not wild, but generally cultivated all over for 
its fruits. 

Uses : The fruits (known as Ritha) which are sold in 
bazaars everywhere, are used as a substitute for soap in washing. 
They are also used in medicine. They are regarded by the native 
physicians as hot, dry, tonic and alexipharrnic and useful in 
coUc pain, diarrhoea, cholera and antidotes against reptilian 
venoms. The root is said to be useful as an expectorant. The 
pericarp of soap-nut, says Kirtikar, is one of the best, cheapest, 
and commonest emetics in India. 

65. Schleichera trijuga Willd., F.B.J., I, p. 681. 

Vem. Names : Kusumb (Hind.); Pusku (Tel.); Kun (Mar.). 

Habitat: Found in all forests, especially abundant in the 
Pakhal Reserve, and the nearby forests. 

Uses : The bark is astringent; rubbed up with oil, the 
natives use it to cure itch (Roxburgh). The oil of the seeds is 
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good for the scalp and promotes the growth of the hair. It is 
also used as a cure for itch. 

66. Dodonsea viscosa linn., F,B.L, I, p. 697. 

Fern. Names : Jangli-anar (Hind.); Puli-vailu (Tel.). 

Habitat: A very common shrub in all forests throughout 
Hyderabad. 

Uses : Being of quick growth it makes an excellent hedge. 
The leaves are used in baths and fomentations (Lindley). The 
powdered leaves when applied to wounds heal them without 
leaving any scars. Also applied to burns and scalds. In the 
Punjab, the bruised leaves are used in snake-bite ; also given 
internally. 

XXll. ANACARDTACE^. 

67. Mangifera indica Linn., F.B.L, 11, p. 13. (Mango tree). 

Vern. Names : Arn (Urdu); Am (Hind.); Amha (Persian) ; 
Mamadi (Tel.). 

Habitat : Pound throughout the J)ominion8, grown in 
gardens in groves. 

Many varieties propagated by means of layers and graftings 
yield better fruits than those grown from seed. Several 
cultivated varieties are known in India, the best local vari(‘ty is 
the one known as ‘ Mulgoba next come ‘ Neelum ‘ Alfan,’ 
and others. 

Uses : Green and unripe fruits are cut into small bits and 
pickled ; ripe fruits are delicious and i uxative A delicious 
sherbet is made of the roasted unripe or half-ripe fruits with 
water and sugar. Ripe fruits are preserved as well. Sometimes 
the green bits are boiled with sugar syrup and spices so as to 
make what is known as the ‘ mango chutney *. Mango jiiice is 
also flried in the form of thin cakes called ‘ Armmat' or ‘ Amras ’. 

()H. Semecarpus anacardium Linn., F.B.L, 11, p. 30. 

(Marking-nut tree.) 

Vern, Names : Bhilava (Urdu); Bhelmt (Hind.); Bihua (Tel.), 

Habitat : Very common in forests throughout the 
Dominions. 

Uses : The thick black pericarp of the fruit contains the 
corrosive juice which is used by the Dhobies (washermen) for 
marking (dothes. The yellow, astringent hypocarp (commonly 
knowm as Bhilava ka phool) is usually eaten. The oil of the seed 
is applied externally for several pains and sores, also used inter¬ 
nally with milk in relaxation of uvula and cough, especially 
in children. Very useful in all forms of neuritis. Oil mixed 
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with butter or ghee is very efficacious in scaly skin eruptions. 
There are far too many useful properties of this drug to be 
mentioned here. 

69. Anacardium occidentale Linn., II, p. 20. 

(Cashew-nut tree.) 

Veni. Names: Kaju (Urdu) : Jidi mamadi (Tel.). 

Habitat : Native of America and West Indies. Does not 
flourish here. 

Uses : The enlarged peduncle and the seeds (really fruits), 
j)opularly sold in the market as Kaju fruits, are eaten. Seed and 
bark are of medicinal importance. The bark is said to have 
alterative proj^erties. The tar which contains about 90% of 
anacardic acid and 10 % of cardol, has recently been recommended 
as an external application in leprosy, ringworm, corns, and 
obstinate ulcers (Kirbikai). The spirit distilled from the expressed 
juice of the fruit may be used as a stimulant (Watt). The kernel 
is nutritive, demulcent, and emollient; and the oil emollient, and 
a mechanical as well as a chemical anthiote for irritant poisons. 
It is also a good vehicle of liniments and other external 
applications (Mooden Sheriff) 

XXni. MOKINGE^K. 

70. Moringa pterygosperma (leortn., F.B.L. II, p. 45. 

(l)runi-stick plant ; horse-radish tree.) 

Vern. Names: Hoaztia (Hind.); Soajna (Beng.) ; Manga, 
Mornnga (Tel.) ; Mungai, Sainga, Saigal (Mar.). 

Habitat : Very common in cultivation throughout the 
Dominions. 

USts : The fruit, dowers, and leaves are made into a 
curry. ’ The root is ])ungent, acrid, stimulant, and diuretic 
and is ap 2 )lied externally as a rubefacient.’ (Kirtikar, Indian 
Med, Plants, 1 , 397.) The seed is given in connection with 

the disorders due to tlu* enlargement of liver and spleen. A 
poultice made with the root reduces swellings and blisters. The 
oil of the seeds is, in some places, used for rheumatic pains, 
l^he ( harcoal of the wood is used in fireworks. 

XXIV. LEGUMINOS^. 

71. Crotalaria retusa Linn., F.B.L, II, p. 75 . 

Vern. Name : Ghagri. 

Habitat ; Quite common all over, especially on the Marhat- 
wgri side in waste lands and forests, growing in sandy soil. 
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72. Grotalaria sericea Ketz., F.B.L, IT, p. 75. 

Habitat : Same as of the preceding species. 

Both the above species, according to E. A. ]’artridg(' (Forest 
Flora of H//derabad), yield a fairly strong fibre which makes good 
cordage. 

73. Grotalaria laburnifolia Linn., FJLL, II, p. 84 ; Cooke, 
FI, Bomb, Fr(s,, ]>t. II, p. 304. 

Habitat : It is a common s])eeies throughout th(‘ Dominions. 

Uses : Th(‘ root is said to be an antidote for snake- 
poison (local information). 

74. Butea frondosa Roxb , F.B J., TL p. 194 
(The ‘ Forest Flame ’.) 

Vcrn, Names : Pains (Hind ) , Pains (Tel ) Moduga (Mar.) 

Habitat : A very common iorest trec^ ot H yderaljad. 

Uses: A dye made from the jxdals was formerly mmh 
used by the Hindus in their ‘ Holi ’ festival, but now it is 
substituted by aniline dyes. The leaves are largely used by the 
poor as food-platt(‘rs. iloot-liark affords a strong rope-fibre. 
The red exudation makes the gum-kinos of commerce. H is sold 
in the bazaars as a medicine. Dr. Waring (Bazaar Medicia(s, 
p. 31) says : ‘ It is an excellent astringent, similar to catechu, 

but being mild in ojicration it is beHer adopted for childnn 
and delicate females. 44ie dose of the powd(‘red gum is 10 to 
30 grains, with a few grains of cinnamc The addition of a 
little opium increases its eflicac\\. it is also ust‘d tor precijiitating 
indigo. The seeds are UM'd as a purgative and \ermifuge. 
The flowers are astringent, depurativc, diuretic, and aphrodisiac. 
Th(‘ leaves are astringent, tonic, and ajihrodisiac : are used to 
dispense boils and jiiinples, and are giv(‘n internally in flatulent 
colic, worms, and jiiles (Makhzan-ul-Adwiya. cf. Kirtikar, Medi¬ 
cinal Plants). The branches harbour lac insects. 

75. Trigonella Foenum-grsecum Linn., F.B.I., 11, p. 87. 

(Fenugreek.) 

Vern, Names : Methi (Hind.) , Mentulu (Tel,). 

Habitat : (Cultivated very extensively throughout 
Hyderabad. 

Uses : The leaves and seeds are used in curries. The 
seeds are also considered carminative, aphrodisiac, and tonic. 
They are useful in rheumatisni, loss of ap})etite, dropsy, chronic 
cough, and enlargements of the spleen and liver. The leaves 
possess cooling projierties, a poultice of them is used for swellings 
and burns. 
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83. Phaseolus vulgaris linn., F.BJ., II, p. 200. 

(French Bean or Kidney Bean.) 

Vern, Name : Lobha, or Loha (Hind.). ^ 

Habitat : Cultivated throughout Hyderabad for its pods, 
but in less abundance than Dolichos lablab. 

Use : The young jKjds are curried. 

84. Phaseolus radiatus Linn., F.BJ., II, p. 203. 

Vern, Names : Urud^ Mash (Hind.). 

Habitat : Cultivated especially on the Marhatwari side. 

Uses : This is, perhaps, the most highly valued of all the 
Phaseolus ])ulseH. The seeds are indeed very nutritious and 
fattening. They are also given to cattle and horses. The straw 
is considered to be an excellent fodder. ‘ The seed is the reputed 
origin of the weight kno\\n as masha, t'welve of which go the 
tola, 480 to one pound ’ (Diithie). The seeds are used medi¬ 
cinally in paralysis, rheumatism and affections of the nervous 
system, fever, piles, affections of the liver, and cough (Kirtikar).* 

8.5. Phaseolus Mungo Linn., F.BJ., II, p. 203. 

Vern, Name : Mung (Hind.). 

Habitat: Very extensively cultivated all over. 

Uses ; The pulse is eaten in the form of ‘ Dal ’ (a curry to 
which usually no meat is added), or cooked with rice (Khichri). 
The native physicians consider it cool, light and astringent. It 
is used to strengthen the eyes (Watt). 

80. Gajanus indicus DC., F,B,L, II, p. 217. 

Vern, Names: Tuvar, Arhar (Hind, and Mar.); Kandulu 
(Tel.). 

Habitat: Cultivated extensively for its seeds. 

Uses : The branches and leaves are given to cattle as 
fodder. The seeds are made into a curry * Dal ’ or cooked with 
rice (Khichri), 

87. Dalbergia lattfolia Roxb., F.B,1,, II, p. 231. 

(Rose Wood.) 

Vem, Names: Shisham (Hind, and Mar.); JiUeggi (Tel.) ; 
8issu (Mar.). 

Habitat: Found almost throughout the Hyderabad forests, 
especially abundant in the Pakhal, Mahadeopur, and Amrabad 
Reserves. 
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Uses : The wood, which is extremely hard and close- 
grained, is employed for cabinet work. It takes on very good 
polish ; also used for carving turnery and ornamental work. 

88 . Dalbergia Sissoo Roxb., F B.I., II, p. 231. 

Vem, Names : Sisso (Hind.): Bisid (Mar.). 

Habitat : Planted in station-yards, on roadsides, etc. 

Uses : The wood is very hard, close-grained, and very 
durable. It is employed for furniture, etc. 

Other species of the genus recorded by E. A. Partridge 
{Forest Flora of Hyderabad, Deccan) are :— 

89. Dalbergia lanceolarin Linn.. F.B.I., II, p. 235. 

Vern. Names : Pasarganni (Tel) ; Dandus (Mar.). 

Habitat : Not very common, btit frequently met with in 
the Hyderabad forests. 

90 Dalbergia paniculata Roxb., F.B L, II, p. 236. 

Vern, Name : Sopara (Tel.). 

Habitat : A very common tree in the Telangana forests. 

91. Dalbergia volubilis Roxb., F.B.I., TI, p. 235, 

Vern, Names : Oumidi-tiga, Oamlapdiga (Tel.). 

92. Pongamla glabra Vent., F,B.I,, II, p. 240. 

Vem, Names : Karanj (Hind, and Mar.); Kangu (Tel.). 

Habitat : Found wild in all the Hyderabad forests, also 
planted in avenues and gardens. 

Uses : The wood makes a good fuel. The juice of the 
loaves is used for washing ulcers The seeds are useful as an 
external application in skin diseases. The fresh bark is used 
internally in bleeding piles A decoction of the leaves is used 
for fomentations in rheumatic pains (8. Arjun, r/. Kirtikar, I, 
p. 460). The oil of the seeds is useful in cutaneous affections. 

93. Arachls hypogaea Linn., Cooke^ FI, Bomb. Pres,, 
pt. II, p. 408. 

Vern, Names: Mung-phalli; Vilayati muiig (Hind.); Bilati 
mung (Beng.); Bhui-muvg (Mar.); Nila^sanagalu (Tel.). 

Habitat : Cultivated throughout for its seeds. 
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Uses I Plain, roasted, and fried nuts are eaten. The 
seeds or nuts yield an oil resembling olive-oil, for which it is 
used as a substitute. ‘ The unripe nuts are sweet and are given 
to women whose supply of nnilk is insufficient for their children ; 
the unriTO nuts are less oily and, therefore, more easilydigested ^ 
(Subba Rao, c/. Kirtikar, I, p. 426). They are said to produce 
excess of bile U eaten in a big quantity. 

94. Glcer arietinum Linn., F.BJ., II, p. 176. (The Gram 
or Chick-pea.) 

Vem. Names: Chana, b'&t (Hind.); Chhola (Beng.); Changely 
Senagaloo (Tel.). 

Habitat : Widely cultivated throughout the Dominions. 

Uses : The unripe green grams ‘ hUt ’ are eaten plain. Grams 
constitute the chief nourishing food of horses in Hyderabad. 
They are soaked in water overnight, and given in the morning, 
and soaked likewise from morning till evening for the evening 
feed. The stalks and leaves, after the seeds are removed, con¬ 
stitute a valuable fodder for cattle who eat them greedily. Theu 
plant while growing, exudes an acidic liquid, which is obtained 
by collecting the dew from the foliage. It makes a very good 
vinegar which is astringent and digestive. Roughly ground 
grams are made into ^ dal * and other curries. They are also 
largely used in many preparations of sweets. 

95, Lens esculenta M»nch., F.BJ,, II, p. 179. 

(The Lentil.) 

Vem. Name : Mcmtr (Hind,). 

Habitat : Cultivated all over for its seeds. 

Uses : Lentils are considered to be one of the most nutri¬ 
tious pulses. They are prepared as * dal ’; also cooked with 
rice. The tender pods are eaten as vegetable, and the leaves 
and stalks serve as fodder for cattle. 

96. Pisum sativum Linn., F.BJ.y II, p. 181. 

Vem. Name: Matar (Hind.). 

Habitat : Cultivated all over as a cold-weathei crop. 
Thrives best in black rich soil (Marhatwari side). 

Uses : The seeds are eaten plain, as well as curried. 

97, Gmalpinia pulcherrima Swartz., F.B.l.y II, p. 255. 

Vem. Names: OtU-tora, Torai (Hind.); Peyditangedu 

(Tel). 
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♦ 

HMkU: Found almost throughout the Dominions in 
waste places^ gardens and fields. Flowers throughout the year. 

Usee ; Leaves, fiowers and seeds are used in medicine 
(Watt). 

98. Gsesalplnia Bonducella Fleming, F.BJ., II, p. 254. 

Vem. Names: Oajga, Oachka (Hind.); Oatchi-kai (Tel.). 

Habitat : All over Hyderabad, near villages in hedges and 
bushes. 

Uses : The seeds are used in Hyderabad as well as through¬ 
out India for various fevers. 

99. Poinciana regia Boger., Cooke, FI Bomb. Pres., pt. Ill, 
p. 415. (The gold-mohur tree.) 

Vern, Names: Qvl-mohr (Hind.) ; Sima-sankesula (Tel.). 

Habitat : Although onginally a native of Madagast ar it 
has become a native of Hyderabad also. Very common through¬ 
out the Dominions,, planted on roadside and in gardens. 

100. Poinciana elata linn., F.BJ., II, p. 260. 

Vem. Names : Sankesar (Hind.); Sankesula (Tel.). 

Habitat : Common round about the city of Hyderabad, also 
on the Telangana, less common on the Marhatwari side. 

Uses : The yeUowish white wood is often utilized for toys 
and other small articles. 

101. Parkinsonia aculeata linn., F.BJ., II, p. 260. 

Vem. Names : Vilayati kikar (Hind.); Sima4nma (Tel.); 
Adanti (Mar.). 

Habitat : Common throughout Hyderabad. Abundant on 
the Telangana side. 

Uses : The wood makes a good fuel. A useful fibre is 
also obtained from the bark. 

102. Cassia Fistula Linn., F.B.I., II, p. 261. (Purging Cassia 
or the Indian Laburnum.) 

Vem. Names: Armltas (Hind.); Riala (Tel.); Ourmala 
(Mar.). 

Habitat: Found in abupdance in forests throughout the 
Dominions. 

Uses : The whole plant is purgative. The pulp, root- 
bark, leaves, and flowers are used in medicine. The pulp is 
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also used in making a native tobacco mixture ‘ Godakhu ’ meant 
for ‘ hubble-bubbles The bark is also largely used for tanning. 
The root is described as a laxative, useful in fever, heart-disease, 
biliousness, etc. The juice of the young leaves is an antidote 
for the irritation caused by the application of the tharking-nut 
juice. 


103. Cassia auriculata Linn., II, p. 263. 

(The Tanner’s Cassia.) 

Vern. Names: Tarwar (Hind.); Tavgedu (Tel.). 

Habitat: Tarwar is extremely common and wild through¬ 
out the Dominions. It is grown in the country side along roads, 
in fields, amongst hedges, etc. 

Uses : The bark is used for tanning. The petals when 
(jooked with eggs in a curried form are rather tasty. Bark, 
leaves, fiowers and seeds are used in native medicine, and are 
astringent. According to Trimen, the leaves are used in Ceylon 
as a substitute for tea. The powder of dry seeds is used as a 

valuable external remedy in certain stages of opthalmia. 

* • 

101. Cassia siamea Lam., F,B.L, II, p. 264. 

Vern. Name : Niala^Tangedu (Tel.). 

Habitat : Native of Ceylon. Commonly planted in avenues 
along roadsides round about Hyderabad City and Secunderabad 
(E. A, Partridge, Forest Flora of Hyderabad). 

105. Cassia Absus Linn., F.B.I., II, p. 265. 

Vern. Name : Chaksu (Hind.). 

Habitat : A common roadside weed. 

Use : The seeds are used for sore eyes locally. 

106. Cassia tora Linn., F.B.I., II, p. 263. 

Vern. Name : Chakunda. 

Uses : The angular seeds Kuari are used in tanning, and 
a blue dye is also prepared from them. 

107. Hardwickia binata Roxb., F.B.I., II, p. 270, 

Vem. Name: Anjan (Hind.); Yeppa (Tel.); Kattu-dugi 
(Mar.). 

Habitat: Abundant in the Pakhal Reserve and the nearby 
forests, also on the Marhatwari side. 

Uses : The wood is used for making agricultural imple¬ 
ments, hout^ posts, and various other articles. 



1936] COMMON FLOWBBINO PLANTS OF HYDERABAD STATE 41 

108. Saraca indica Linn., II, p. 270. 

Vem, Name: Asholc, 

Habitat: Grown in the vicinity of temples, common in 
villages. 

Uses : The bark is used by Hindu physicians in uterine 
afifections. Flowers pounded and mixed with water are used in 
hflBmorrhagic dysentery (Watt) It is worshipped by the 
Hindus. 

109. Tamarindus indica Linn , F,B.L, II, p. 273. 

(Tamarind.) 

Veru, Names : Imli, Amli (Hind.) ; Chinta (Tel ) : (%itz 
(Mar.). 

Habitat : Very common all over, especially round about the 
city and on the Telangana side, grown on roadsides, in villages. 

Uses : The pulp of the pod is almost indispensiblc for the 
preparation of most of the acid curries, owing to the presence 
of a large amount of tartaric acid. It is also greatly taken as an 
antidote for the excess of bile. It is a laxative. The soft young 
leaves (chugar), less commonly the flower-buds, arc used in 
curries. The roasted seeds are eaten by the i>oor in case of 
famine. The wood is a good fuel, also used for the internal 
fitting of ordinary houses or cottages. The ripe fruit is regarded 
as a laxative, refrigerant, digestive and carminative. A poultice 
of the leaves or the pulp of the ripe fruit is applied Jto inflam¬ 
matory swellings. The juice of the flowers taken internally is 
useful for bleeding piles. The bark is considered to have as¬ 
tringent and tonic properties (Dymock). 

110 . Bauhinia tomentosa Linn., IT, ]>. 276. 

Vern. Names : Kachnar (Hind.) ; Kavchavi (Tel.). 

Habitat ; (Cultivated in several jiarts of the Dominions. 

Uses : The flower-buds are used in curries, also in native 
medicine locally. The bark, fruit, and seeds are used in medicine 
at several places in the south , infusion of th(' bark as an as¬ 
tringent gargle ; paste of seeds for external ap])lication to wounds 

111 . Bauhinia variegata Linn., F.BJ,, II, p. 284. 

Vern. Name : Kachnar (Hind.). 

Habitat : Like the previgus species it is extensively culti- 
Vt\ted in the Dominions. 

Uses : Leaves and flower-buds are used in curries. The 
bark and roots are medicinal. A gargle is made from the bark, 
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and is useful in sore-throat. A decoction of the root is 
in dyspepsia. 

112. Bauhinia purpurea linn., F.BJ., II, .^p. 284. 

Vern, Names: Pedda~ari, Bodanta-chettu, Devakasia (Tel.); 
Kanchan (Mar.). 

Habitat : Found in all the forests throughout the Dominions, 
also cultivated in gardens. 

Uses : The bark, root, and flowers are used in medicine as 
a maturant for boils and abscesses (T. N. Mukerji). Decoction 
of the bark used as a wash for ulcers. The wood, which is 
durable and hard enough, is used for agricultural impletnents. 
The bark is used in tanning. Locally, the flower-buds are eaten 
either cooked or in a pickled form. 

113. Bauhinia acuminata linn., F,BJ., II, p. 276. 

(White Bauhinia.) 

Vern, Name : Kachnar (Hind.). 

This name is given to three species of Bauhinia, i.e. mriegata^ 
tomentosa, and acuminata. 

Habitat : Commonly cultivated near villages. 

Use : The flower-buds are curried. 

LEGUMINOSiE (Mimosoideae). 

114. Mimosa pudica linn., F,B,L, II, p. 291. 

(Sensitive plant.) 

Vem, Names : Lajumnti, Choi-Moi, Sharmindi (Hind.). 

Habitat : Generally grown in pots in houses and gardens 
all over. 

Uses : Tha root and leaves are used in medicine. The juice 
is useful in diseases arising from corrupted blood and bile (Mir. 
Mohammad Husain, the ‘ Makhzan’). It is also applied e3cter- 
nally to fistular sores (Dymock). Root and leaves used in piles 
and fistula. 

115. Acacia arabica Willd., F.B,I,, II, p. 293. 

(Indian Gum-Arabic tree.) 

Vem, Names: Babul, Kikar (Hind.); Nalla tuma (Tel.). 

Habitat : Very common and abundant throughout the- 
Dominions. On the Marhatwari side, Aurangabad, Jalna, 
Parbhani, etc. and also in the Bidar, Raichur, Bhir and Gtdbarga 
districts this is the only natural tree—growth for miles and 
miles of black soil. 
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U9ta : The pods are a food of cattle, especially the goats. 
The wood is utilized for making agricultural implements, carts, 
door-frames, etc. and is used as fuel. The thorny branches are 
used for fencing. The bark and leaves are given in diarrhoea 
as astringents. The decoction of the bark mixed with other 
medicines is applied externally to ulcers. The gum is useful in 
dyeing and cloth-printing, and is also used in medicine, being 
considered by native physicians as useful in diabetes. Its 
common use as an adhesive is well known. 

116. Acacia concinna DC., II, p. 296. 

Vem. Names: Sike^lcai (Hind, and Tel.); Ban-Ritha 
(Hind.); Oogu (Tel.). 

Habitat : Wild on the Aurangabad Ghats. Generally 
cultivated all over for its leaves and fruit. 

Uses : The pods are used like soap-nut for washing the 
hair. The leaves and pods are commonly used in medicine by 
the native physicians in cases of jaundice and other biliary 
troubles. 

Other Acacias recorded by E. A. Partridge {Forest Flora of 
Hyderabad^ Deccan) from the Dominions are :— 

117. Acacia leucophlea Willd., F.B.L, II, p. 294. 

Fern. Names: Safed kikar or Safed babul (Hind.); Telia- 
luma (Tel.); Hewar (Mar.). 

Habitat ; Found in dry forests all ov^r. 

Use : The bark has properties similar to that of Acacia 
arabica, 

118. Acacia catechu Willd., F,BJ,, II, p. 295. 

Vem, Names: Khair (Hind, and Mar.); Kaththa (Hind.) ; 
Sundra, Podali-manu (Tel.). 

Habitat : It is met with in some forests, but the growth is 
stunted; it never attains the average size of the tree as found 
in Northern India. 

Uses: I have not heard of Catechu or Kaththa having ever 
been extracted here. It is imported from Northern India 
to be used with betel leaves or pan. The wood is utilized in 
making agricultural implements, etc. Catechu and leaves are of 
medicinal importance, the former used in combination with 
othei astringent drugs in diarrhsea and dysentery, also used in 
the form of injection for gonorrhoea. The gum in combination 
with some medicines is efficaceous in pulmonary affections, 
diarrhoea and genito-urinary troubles. 
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119. Pithecolobium dulce Benth, F,B.Ly II, p. 302. 

Vcm, Names: Oorak-indi, Ldl4mli. 

Habitat : A native of Mexico, introduced into the Philip¬ 
pine Islands and thence into India. It is ‘^et with in 
Hyderabad growing in the compounds of spaceous houses, in 
gardens and as a hedge plant. 

Uses : The wood is chiefly used for fuel. The pulp is 
eaten. 

120. Parkia biglandulosa Wight and Arn., F.B.L, II, 

p. 289. 

Vern. Name : Ood-ka-jhar, 

Habitat : A native of Afiica (Cooke) and Malay Peninsula 
(Roxburgh). Only a few trees are found growing in the com¬ 
pounds of houses round about Hyderabad City. 

121. Albizzia Lebbek Benth., F.B.L, IT, p. 29S. 

Vern, Name^: Siras, Siris, Shirash (Hind.) ; Shirish 
(Sans.) ; Dirasan (Tel.) ; Chichola, Mothasiras (Mar.). 

Habitat : Throughout the Dominions. Often planted as 
a roadside tree. Distribution through India, Malay Isles, 
China, N. Australia, Tropical Africa. 

Uses : The gum is used under the name of ‘ lera * as an 
adulterant for pure gum arabic in calico-printing and in the 
preparation of gold and silver leaf cloths (Baden Powell, r/. 
Watt, Diet. Econ. Prod., I, p. 157). The bark is used in tanning 
leather. The oil from the seeds is considered useful in Leprosy. 
The seeds are officinal and form part of an anjan used for oph¬ 
thalmic diseases (Stewart). The bark is applied to injuries to 
the eye (Madden). The bark and seeds aie astringent, given in 
piles, diarrhoea, etc. The powder of the root-bark is said to 
strengthen spongy and ulcerated gums. The flowers are con¬ 
sidered a cooling medicine and are externally applied to boils, 
eruptions, swellings, etc. They are regarded as an antidote to 
poisons. The leaves are a good fodder for cattle. The wood 
makes a good fuel and is used in making furniture, boats, house- 
])Osts, etc. (For further information see Watt, Diet. ‘ Econ. 
Prod., T ; Chopra, Ind. Drug, I; Kirtikar, Ind. Afed. PI.) 

XXV. ROSACEiE. 

122. Rosa damascena Mill., F.B.I.. TI, p. 364. 

Vem. Name : Oulab (Hind.). 

Habitat : Extensively cultivated in gardens for its flowers 
throughout Hyderabad. 
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Uses : The sweet-scented flowers are used in making gar¬ 
lands which it is customary to wear in all Indian ceremonies. 
Boses along with jasmines and other flowers are used by the 
Hindus in their religious ceremonies. Those, who bury their 
dead, viz. the Muslims and the Christians, put roses on the graves 
of the dead. Rose-water and rose-perfume {Gvlah-ka4tr) are 
extracted from roses. The former is used in many sweets. 

Flower-buds instead of petals are preferred by physicians 
because they are more astringent. They are considered cardiacal 
and tonic. A preparation of petals and white sugar Oulkand is 
cooling, tonic and fattening. Rose-water is used in many 
ointments. 

XXVI. CRASSULAOE^. 

123. Bryophyllum calycinum Salisb., II, 

p. 413. 

Fern. Name : Zakhm4-hyat (Hind.). 

Habitat ; Often much cultivated in gardens throughout 
Hyderabad. 

Uses : Crushed leaves are applied to wounds, burns, boils, 
cuts and bruises with advantage. 

xxvii. combretac^ej:. 

124. Ouisqualis indica Linn., F.B.L, II, p. 459. 

(The Rangoon creeper.) 

Habitat : Grown in gardens. 

Uses : The seeds are supposed to be anthelmintic. 

125. Terminalia Catappa Linn., F.B.L, II, p. 444. 

(The Indian Almond tree.) 

Vern, Name : Jangli-badam (Hind.). 

Habitat : An ornamental tree commonly planted through¬ 
out the Dominions in gardens and avenues. 

Uses : The juice of the leaves and the milk of the nuts are 
of medicinal importance. The oil from the kernels may be used 
as a substitute for almond. The bark is said to be an astringent. 
The juice of the young leaves is utilized in the preparation of an 
ointment for leprosy, scabies and other cutaneous diseases. 
Taken internally it is believed to be useful for headache and 
colic (Lisboa). 

126. Terminalia tomentbsa Wight and Am. Prodr., 

II, p. 447. 

Fern. Names: Asan (Hind.); Maddi (Tel.); Sadada, Saj 
(Mar.). 
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Habitat : Very oommon in 'the forests throughout the 
Dominions. 

Uses ; The gam is used as an incense and cosmetic. The 
bark is occasionally used as a dye which is brown Or buff and is 
chiefly used in tanning. 

A decoction of the bark is said to be used internally for 
atonic diarrhoea, etc.; and locally as an application to 
callous ulcers. The lac insectis sometimes foimd on the branches. 

Tasar silkworms feed on the leaves. 

The wood makes an excellent fuel. It is largely used for 
building agricultural implements, fmniture, etc. (Watt, Diet, 
Econ, Prod. Ind., VI, pt. IV, p. 37). 

XXVIII. MYRTACEiE. 

127. Psidium guyava Linn., F.B.I., II, p. 468. 

(Guava tree.) 

Vem. Names: Jam, Amrood (Hind.); Jama Kaya, Javm^ 
pandu (Tel.). 

Habitat : Very commonly cultivated all over the Dominions, 
especially on the Marhatwari side. Occasionally found semi¬ 
wild. 

Uses : Fruit very much relished, either eaten plain or 
stewed in sugar, also made into a delicious jelly and cheese. 
The bark is astringent and is useful in diarrhoea. The decoction 
of the leaves is to some extent useful in cholera, in arresting 
vomiting and diarrhoea (Pharm. Ind.). 

128. Eugenia jambolana Lamk., F.B.L, II, p. 499. 

Vern. Names: Jamun (Hind.); Neredu, Jinna (Tel.); 
Jambul (Mar.). 

Habitat : Very widespread in forests throughout the 
Dominions. Also planted for its fruit. 

Uses : Considered sacred by the Hindus who plant it near 
their temples. Fruit edible. Bark used as a good, brown dye. 
The semi-fermented juice of jamun (jamun-ka-urkh) or sirka is 
very good for stomach-ache. The bark is astringent, its fresh 
juice being given with goat's milk in the diarrhoea of children. 
The expressed juice of the leaves is given in dysentery (Dutt). 
The root, fruit and seeds are useful astringents. Recently the 
seeds have been used in diabetes (Kirtikar). 

129. Barringtonia acutangula Qsertn., F.B.I., II, p. 608. 

Vem. Names: Hijjul, Sartncmdar-phal (Hind.); Kadami 
i(Tel.); Titoar (Mar.). 
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HabikU : Common in most of the forests near streams and 
on the embankments of tanks. 

Uses : The root is bitter and possesses properties similar to 
cinchona, cooling and aperient (idrtikar). The seeds are very 
warm and dry, prescribe in colds, used in powdered fprm as 
snuS in headache (Dutt). They are also used as an aromatic in 
'Colic and in ophthalmia (Watt). 

130. Eugenia jambos Linn., F.B,L, II, p. 474. 

(The Rose apple.) 

Vem. Name : Oulab-Jamun (Hind.). 

Habitat : Cultivated in gardens for its fruit. 

131. Eugenia Heyneana Wall., F.B.L, II, p. 500. 

Vern. Names: Pan-Jamhul(}lisiV.)\ Chinyia-neredu 
Habitat: Found in the beds of rivers on the Marhatwari 

side. 


132. Careya arborea Roxb., F.B.L, II, p. 511. 

Vem. Names : Kamba (Hind.); Waukumbha (Mar.); Bvda* 
durmi (Tl.). 

Habitat : Found throughout the Dominions in forests. 

Uses : The bark as well as the fruit is astringent. Flowers 
are demulcent, being used in colds and coughs. 

133. Myrtus communis Linn., Cookv, FI, Bomb. Pres., 
Part ni, p. 498. 

Vern. Names : Vilayati mehndi, Murad (Hind.). 

Uses : The essential oil of the leaves is useful in rheumatism. 
The fruit is given in diarrhosa, dysentery, rheumatism, etc. 

134. Eucalyptus globulus Labill, Watt, Diet. Econ. Prod. 

Ind., p. 280. 

Habitat ; Grown in a few gardens. 

135. Melaleuca leucadendron Linn., F.B.I., II. p. 465. 

(Cardimum.) 

Vem. Names : Ilaichi (Hind.); Cajuputa (Mar.). 

Habitat ; Grown in a few gardens as an experiment, but 
does not thrive well in the State. 

Uses : The seeds are usually eaten with betel-leaf. The 
oil of the seeds is a stimulant and diaphoretic (Gamble). It is 
also r^gwrded as a powerful sudorific (Watt). 
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XXIX. LYTHRACEi®. 

136. Lawsonia alba Lamk., II, p. 573. 

Fern. Names: Mehndi (Hind.); Hena (Pers.); Maida-aJcu 
(Tel.).' 

Habitat : Commonly cultivated as a hedge-plant through¬ 
out the Dominions. Often running wild. 

Uses : The leaves are pounded and made into a paste, 
and applied by women to the nails and fingers and also along 
their feet colouring them beautiful crimson-red to orange-red. It 
is known as the herui dye—usually a part of the toilet even among 
the rich people. Paste of fresh leaves with vinegar is applied 
to the soles of the feet for the relief of burning pain. The paste 
mixed with different substances is used for various affections. 
The bark and flowers are also utihzed for medicinal purposes, the 
former being given in jaundice and enlargement of the spleen, 
etc. the latter in headache, and as an application to bruises. 

137. Punica Granatum Linn., F.BJ,, II, p. 5S1. 

(The pomegranate.) 

Fern. Name : Anar (Hind.). 

Habitat : Cultivated all over the Dominions. 

Uses : The fruit is eaten. Fresh juice of the fruits is 
cooling and refrigerant and prescribed by the Indian physicians. 
Locally the bark is used to destroy the intestinal worms. The 
root-bark, flowers, rind of the fruit, seeds arc all of medicinal 
importance. The rind of the fruit and flowers are used as a 
bowel astringent in diarrhoea. The seeds are considered to be 
stomachic. 


138. Woodfordia floribunda Salisb., F.BJ., II, p. 572. 

Vern. Names: Dhan-phal, Pagadam, Jaji (Tel.); Dhaiti 
(Mar.). 

Habitat : Very common in all forests in the Hyderabad 
Dominions. 

Uses : Flowers and leaves are of medicinal importance, the 
flowers being stimulant and astringent (Kirtikar). 

139. Lagerstroemia parviflora Roxb., II, p. 675. 

Fem. Names : Chinangi (Tel.); Wundi-mana (Mar.). 
Habitat : Common in forests almost throughout the State 
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140. LagerstrcBmia indica Linn., II, p. 575. 

(The Bonnet-flower.) 

Fern. Name: China~bux (Hind.). 

Habitat : Cultivated in gardens for its handsome flowers. 
Indigenous to China, hence the name China-box. 

XXX. PASSlFLORACEiE. 

141. Passiflora foetida Linn., F.B.L, II, p. 599. 

Vem. Name : Jhoomko lota (Beng.). 

Habitat : A native of tropical America. Frequently found 
in gardens. 

142. Garica Papaya Linn., F.B.I., II, p. 599. 

Fern. Names: Papai, Papiia, Papiya (Hind.); Bappayi 
(Tel.). 

Habitat : Cultivated extensively all over the Dominions, 
especially towards the Telangana side, and Aurangabad and its 
Talukas on the Marliatwari side. 

Uses : Fruit when ripe, is delicious and is very much 
relished. Locally, the skin or testa of raw Iruit is pounded 
and applied to raw meat to make it tender The milky juice is 
also given internally for enlarged spleen, for ring-worm and 
many other diseases. The seeds also arc' said to be of medicinal 
value. The leaves contain an alkaloid, carpaine, which has been 
used as a heart tonic and febrifuge A very nice kind of jePy 
is also prepared with sugar and thin slices of this fruit. The 
fruit and jelly are often prescribed by the local physicians for 
indigestion and other ailments of the stomach. 

XXXI CUCURBITACEiE. 

143. Lagenaria vulgaris Seringe, F.B.I., II, p. 613. 

Fern. Names : Kaddu, Lauki (Hind.) ; Anapa-kai (Tel.); 
Dvdhi (Mar.). 

Habitat . Very commonly cultivated throughout the Hydera¬ 
bad during the rainy season. 

Uses : The raw fruit is used as a vegetable. Sweet known 
as Kaddu ka mithdi is also made with it. The pulp of the fruit 
is considered refrigerant, diuretic and antibilious Sometimes 
it is applied to the soles in ‘ burning of the feet *. The pulp, 
especially of the bitter variety, is a purgative. 

144. Lufifa segyptiaca Mill., F.B.I., 11,* p. 614. 

Fern. Name : Ohiya-turai (Hind.). 

Habitat : Often cultivated throughout Hyderabad for its 
fruit during the rainy season. 
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• Uses : The fruit is curried. The seeds are said to be emetic 
and cathartic. 

145. Luffa acutangula Boxb., II, p. 615. 

Vem, Names: Turai (Hind.); Beerkai (Tel.); Shirola 
(Mar.). 

Habitat : Extensively cultivated all over Hyderabad for 
its fruit. 

Uses : The fruit is curried,. The seeds possess purgative 
and emetic properties (Kirtikar, Vol. I, p. 586). The leaves are 
also medicinal. 

146. Momordica Gharantia Linn., F.B.L, II, p. 616. 

Vern. Names: Karela (Hind.); Kdkara-chettu (Tel.). 

Habitat : Very widely cultivated all over Hyderabad for 
its fruit. 

Uses : The fruit is curried and the curry is supposed to be 
good for stomach and blood. The fruit is tonic and stomachic, 
and is useful in rheumatism, diseases of the spleen and liver. 
{Makhzan, cf. Kirtikar.) The fruit and leaves are anthelmintic, 
being useful in piles, leprosy, etc. The root is astringent. 

147. Benincasa cerifera Savi., FBJ., II, p. 616. 

(White pumpkin; white gourd-melon.) 

Vern. Names : Petha, Ool-kaddu (Hind.); Pendli-gummadi- 
kaya (Tel.). 

Habitat: Cultivated throughout the State, but not ex¬ 
tensively. 

Uses : The fruit is eaten as a vegetable and also used in 
making sweets Pethe-ki-mithdi; peihe-ka~hulva. 

It is popularly known as an antimercurial. It is cooling, 
tonic, nutritive and diuretic. It is useful in insanity and other 
nervous diseases, viz. pulmonary tuberculosis. Pethe-ki-mithdi, 
i.e. preserved fruit is given in piles, dyspepsia, consumption and 
dial^tes. 

148. Gucumis Melo Linn., F,B.Ly II, p. 620. (The Melon.) 

Vem. Names : Khurbuza (Hind.); Mutam-pandm (Tel.). 

Habitat : Extensively cultivated throughout Hyderabad, 
especially on the Marhatwari side. It thrives well in sandy soil, 
viz. on the sides of rivers, etc. 

Uss$ : The fruit is very much relished. It is considered 
cool and astringent and is given in dyspepsia. The seeds are 
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also eaten. They are nutritive and diuretic. The oil of the 
seeds is also very nourishing. The root possesses emetic and 
purgative properties. 

149. Gucumis sativus Linn., F.BJ,, 11, p. 620. (Cucumber.) 
Vem, Name : Khlrd (Hind.). 

Habitat : Cultivated all over for its fruit. 

Uses: When in season the fruit forms a very refreshing 
and nourishing food of the poor. The fruit and seeds are cooling. 
The latter are also diuretic. 

150. Gucumis Momordica Roxb.,Foxb., FI Jnd., Ill, p. 720. 
Vem, Name : PhuUkakri (Hind.). 

Habitat: Cultivated all over. One form is cultivated 
during the hot season and the other is a rainy season crop. 

Uses : The ripe fruit is relished, but is much inferior to 
melon. The fruit and seeds are cooling. 

151. Gitrullus vulgaris 8chrad.. F.B.L, II, p. 621. 
(Water Melon.) 

Fern. Name : Turbuz (Hind.). 

Habitat : Cultivated in sandy soil during the hot season. 
Uses : The fruit which is sweet and refreshing is much 
lelished. The local fruits, however, are not so sweet as thoso 
imported from other parts of India. The juice mixed vith sugar 
and ice is taken as a cooling drink. e seeds are cooling, 
diuretic and strengthening. 

152. Gucurbita Pepo DC., F.B.I., II, p. 622. 

Fern. Name : Safed kaddu (Hind.). 

Uses: The fruit is curried. The seeds are described as 
possessing anthelmintic properties. The leaves are used as 
external applications foi bums (Atkinson, r/. Kirtikar) 

153. Goccinia indlca Wight and Am. Cooke, FL Bomb, 
Pres,, Pt. Ill, p. 53S. 

Habitat : Found in a few gardens in the city of Hyderabad 
Uses : The fruit is curried and even eaten raw. 

XXXIl. CACTEiE. 

154. Opuntia Dillenii Haw., F.B.I,, II, p. 657. 

(The Prickly-pear.) 

Vem, Names : Nag-phanni (Hind, and Tel.); Chapalsendh 
(Hind.). 
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Habitat : The plant is said to have been introduced first 
from South America, but has become naturalized all over India^ 
and in Hyderabad it is a regular pest, being extremely common 
in waste places round about the city, in 'Plages, on roadsides 
as hedges and elsewhere. 

The cochineal insect was introduced in Aurangabad many 
years ago as a biological control for getting rid of this opuntia. 

Uses : The fruit is edible. The branch-joints after being 
devoid of spines are chopped up and given to cattle in times of 
scarcity. A led-ink is also made from the ripe fruits. The 
fruit is considered a refrigerant; the succulent branch mashed 
up and applied as a poultice is said to allay heat and inflam¬ 
mation (Ainslie). According to Lisboa, the baked fruit is 
given in whooping cough in the Deccan. The ripe fruit when 
eaten dyes the urine red. -Said to be useful in gonorrhoea. 
Poultices of joints have been used with marked effect in guinea- 
worm by Kirtikar. 

In Deccan, the milky juice is given as a purgative in doses 
of ten drops mixed with a little sugar (Tailor). 

A syrup of the fruit appears to increase the secretion of 
the bile and to control spasmodic cough and expectoration 
(Dymock). 

XXXITT, UMBELLIFERiE. 

155, Peucedanum graveolens Bonth., F.B.L, II, p. 709. 

Vern, Names : Soya, Sowa (Hind.) ; Sompa (Tel.). 

Habitat : Cultivated throughout the Dominions. 

Uses : The entire plant, except the root, is used in curries. 
Leaves and fruit are used in medicines. The leaves moistened 
with oil are used as a stimulating poultice or supperative. An 
infusion of the herb is given to women after confinement 
(Dymock). 

156. Goriandrum sativum Linn., F.B.L, II, p. 717. 

(Coriander.) 

Fem. Names : Dhania, Kotmir (Hind.); Dhan yabu (Tel.). 

Habitat : Cultivated all over, also occuis as an escape. 

Uses : Leaves (Kotmir) and fruits (Dhania) form one of 
the best spices and are much used for flavouring curries. The 
shoots are very often used in making ‘ chutney ’. The entire 
plant is of medicinal importance. The dried fruit and the 
volatile oil are used as an aromatic stimulant in colic. The 
leaves are chewed to correct foul breath (Kirtikar). The juice 
of the fresh plant is used as an application to erythema caused 
by the application of marking nut. Fresh plant rubbed on the 
forehead gives a cooling and soothing sensation in headache. 
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157. Daucus Garota Linn., II, p. 718. (Carrot.) 

Fern. Names : Odjar (Hind.); Pita-kanda (Tel.). 

Habitat ; Cultivated extensively throughout the Dominions 
for its root. 

Uses : Carrots are eaten raw, also given to horses. When 
boiled and made into a paste, and cooked A^ith sugar and milk 
they make a very delicious sweet {Odjar-ka-Halva) which is a 
refrigerant. Root, leaves, fruit, and seeds are used in medicine 
for several diseases. The seeds are a nervous tonic. They are 
considered aphrodisiac and given in uterine pain (Stewart). 
The fruits are recommended in chronic diarrhoea (Balfour). A 
poultice made of the roots is used to correct the discharge from 
ill-conditioned sores (Watt). 

158. Guminum Gyminum Linn., F.B.L, II, p. 718. 

Vern. Names : Zira or Bafed zira (Hind.). 

Habitat : Extensively cultivated in Northern India, but 
not in the Hyderabad State. 

Uses : It is regarded by t!ie Hindu physicians as stomachic, 
carminative and astringent; useful in dyspepsia and diarrhoea. 
Used as a cooling medicine in gonorrha?a. (For further informa¬ 
tion see Kirtikar’s Ivd. Med, PL) 

XXXIV. RUB1A(^E^. 

159. Gardenia lucida Koxb., 111, p. 115. 

Vern, Names : Dihmali (Hind.) ; Karivga (Tel.). 

Habitat: Found throughout the Dominions in deciduous 
forests, especially abundant along the Godavari river. 

Uses : The gum resin whic‘h the tree yields from wounds in 
the bark and from leaf-buds is sold in the bazaars under the 
name of Dikamali, It has a disagreeable strong odour, and is 
much used by the native physicians in cutaneous diseases for 
?leaning bad ulcers and also in cases of worms in children. 

100. Gardenia gummifera Linn., F,B,I,, III, p. 110. 

Vern, Names: Dikemali (Hind.), ChiUmit (Tel.). 

Habitat : P'ound in association with the previous species. 

Uses : It is put to much the same uses as the previous 
species. 

161. Ixora parviflora Vahl., F.B.L III, p. 142. 

Vern, Name^ : MashaLka~jhar (Hind.); Kori, Korivi (Tel.). 

Habitat: Common throughout the Hyderabad forests. 
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Uses : The branches make excellent torches commonly 
used by postal-runner and people travelling at night, hence the 
common name Torch Tree. ‘ An oil extracted from the wood is 
used for cattle-sore ’ (Partridge). ‘ The santelp employ the 
root or fruit as a medicine to be given to females when the mine 
is high coloured ’ (Rev. A. Campbell, cf. Kirtikar). 

Other plants described by Partridge in Forest Flora of 
Hyderabad are:— 

162. Adina cordifolia Hook., F.B.I., III, p. 24. 

163. Stephegyne parvifolia Korth., F.B.I., III, p. 25. 

164. Hymenodictyon excelsum Wall., F.B.I., III, p. 36. 

165. Hymenodictyon obovatum Wall., F.B.I., III, p. 36. 

166. Webera corymbosa, Willd., F.B.I., III, p. 102. 

167. Randla ullginosa DC., F.B.I., III, p. 110. 

168. Randla dumetonimJL<amk., F B.I., III, p. 110. 

169. Randia malabarica Lamk., F.B.I., III, p. 111. 

170. Gardenia latifolia Ait., F.B.I., III, p. 116. 

171. Gardenia turglda Roxb., F.B.I., III, p. 118. 

172. Gardenia florida Linn., Lamark Ill. i. t. 158, fig. 1 

(1797). 

173. Ganthium parvlflorum Lamk., F.B.I., III, p. 136. 

174. Ganthium didymum Roxb., F.B.I., III, p. 132. 

175. Ixora nigricans Br., F.B.I., III, p. 148. 

176. Pavetta indica Linn., F.B.I., III, p. 160. 

177. Goffea arabica Linn., F.B.I., III, p. 163. 

178. Morinda tlnctoria Roxb., F.B.I., III, p. 156. 

179. Hamiltonia suaveolens Roxb., F.B.I., III, p. 197. 

XXXV. COMPOSITiE. 

180. Vemonia antfaelmlntlca Willd., F.B.I., III, p. 236. 
Fern. Name : Kali ziri (Hind.). 

Habitat : Cultivated for its medicinal properties. 

Usee : The seeds are much used by the Hindu physicians 
in skin diseases, viz. Leucoderma, etc. They are considered as a 
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powarful anthelmintic and are used in combination with other 
substances in snake bites (Ainslie, c/. Kirtikar, Vol. I, p. 670). 
They are also used for plasters for abscesses. They are largely 
used as cattle medicine. 

181. Sphasranthus indicus Linn., III, p. 276. 

Fern. Name : Mundi fHind.). 

Habitat : Very common throughout Hyderabad in damp 
places, fields, etc. 

Uses : The seeds and the root possess anthelmintic pro- 
perties. The powder of the root is considered stomachic. The 
heads, when dried up, are prescribed along with other medicines 
by the native physicians in cough and fever, biliousness, etc. 

The bark in combination with other drugs is useful in piles. 

182. Chrysanthemum indicum Linn., Pheede Hort MaL 
X.T. 44 (1690), H.F.R.I., 314. 

Vem. Name : Oul-daoodi (Hind.); this name is applied to 
all the varieties. 

Habitat : Introduced in India from China and Japan. 
Extensively cultivated throughout Hyderabad for its flowers. 

Uses : The plant is considered heating locally. I am 
informed that this plant is used with other substances in gonor¬ 
rhoea. The flowers make good garlands which are used bv 
Muslims and Hindus alike. The flowers are also used in temples. 

183. Chrysanthemum coronarium Linn., III, 

p. 314. 

Vem, Names: Seoti, Seonti (Hind.); purely local names, 
also used in Bombay. 

Habitat : Introduced in India from the Mediterranean 
region. Very much cultivated throughout the Dominions for its 
flowers. 

Uses : The flowers are used in making garlands, also used 
in religious ceremonies. According to Dallzell and Gibson the 
flowers are a tolerable substitute for chamomile. I am informed 
that this plant is used in combination with other drugs in 
gonorrhoea. 

XXXVI. MYRSINEiE. 

184. Embelia ribes, Burm., F,B,I., III^ p. 613. 

Fern. Name : Bai-barang (Hind., local). 

Habitat : Common in the hilly regiops. 
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Uses : The fruit is said to be anthelmintic, carminative, 
stomachic, alterative and tonic. It is used in intestinal worms, 
dyspepsia, skin diseases and tape-worms. It is given in milk to 
children to prevent flatulence. Kirtikar mentions that Dr. 
Warden has separated an acid, named ‘embelic acid\ from 
the seeds. 

XXXVII. SAPOTACEiE. 

185. Bassia latifolia Roxb., III, p. 544. 

Vem. Names: Mohua (Hind, and Mar.); Ippi-chettu (Tel.). 

Habitat : Very abundant throughout the Dominions, 
especially on the Telangana side. 

Uses : The flowers are eaten either raw or cooked. A 
spirit (Mohue-ki‘Sharab) is distilled from them and it yields a 
large revenue to Government. It is said to be appetizing, 
astringent, heating and tonic. The flowers are regarded as 
cooling, nutritive and tonic. The fruit is eaten. The oil ex¬ 
tracted from it is used in skin diseases. The leaves make a good 
embrocation (Watt.). The bark is described as astringent and 
tonic and is said to be useful in itches. 

186. Mimusops Elengi Linn., III, p. 548. 

Vem. Name : Molsari (Hind., local). 

Habitat : Cultivated in gardens throughout the Dominions 
for its fruit. 

Uses : The fruit is much relished. The unripe fruit and 
seeds possess astringent properties. The former is chewed to 
fix loose teeth. The decoction of the astringent bark makes a 
good gargle for diseases of the gums and teeth. It is also a 
tonic. A sweefc perfume (Molasari-ka-itr) is extracted from the 
flowers. 

187. Mimusops hexandra Roxb., F.BJ., Ill, p. 549. 

Vern. Name : Khirni (Hind.). 

Habitat : It is cultivated throughout the State for its fruit. 

Uses : The fruits are rather tasty and are quite cheap. 
The bark is exactly similar in properties to that of Mimusops 
Elengi. 

188. Achras sapota Linn., F.B.L, III, p. 534. 

Vern. Name: Chiku, 

Habitat : Introduced from America. Cultivated in a few 
gardens for its fruit. Thrives well in the black cotton soil on 
the Marhatwari side. 
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Uses: Fruits ripen from November to March, fairly 
expensive, but are greatly appreciated. 

XXXVIII. EBENACEiE. 

189, Diospyros melanoxylon Roxb,, F.B.L, III, 
p. 564. 

Fern. Name: Abnoos, 

Habitat : Common in the Telangana forests. 

Uses: The tree produces good ebony. The bark possesses 
astringent properties and is used in diarrhoea and dyspepsia. It 
is also used in dilute decoction as an astringent lotion for the 
eyes. 

XXXIX. OLEAC^E.^. 

190. Jasminum Officinale Linn , 111, p. 603. 

(The common white garden jasmine.) 

Fern. Name : Chamheli (Hind.). 

Habitat : Very commonly cultivated in gardens for its 
flowers. 

Uses : Flowers are used for making garlands and bouquets. 
Hair oil (chamheli-Tca-tel) as well as a lovely perfume is extracted 
from them. The root is of medicinal value, being useful in 
ring-worm (Honnigberger). 

191. Jasminum Sambac Ait, F B.I., 111, p. 591. 

Fern. Names: Motia, Mogra, BuUmogra (Hind.); Botu- 
malle (Tel.); Bela (Mar.), 

Habitat : Cultivated extensively throughout the Dominions 
for its sweet-scented flowers. 1 have seen this species wild in 
the forests of Pakhal, Muluk (Warangal District), and Adilabad 
District. 

Uses : Flowers are used by the Hindus and Muslims alike 
in making garlands which are used in various ceremonies, mar¬ 
riages, feasts and the like. Jasmines are also put on graves. 
Hair oil {Motia-ka-tel) as w^ell as a sweet perfume, otto de 
mothia (Motia-ka-itr) are extracted from them. Leaves and 
flowers are used in native medicine. The former dried, soaked 
in water and made into a poultice are used in indolent ulcers 
(Watt). The flowers possess a considerable power as a lactifuge. 

192. Jasminum pubescens Willd., F B.I,, III, p. 592. 

Vent, Names: Mogra, Chambeli (Hind.); Advi~mcUle 
<Tel.). 
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HabitcU : Wild enough in forests throughout, especially on 
the Telangana side. 

Uee $: Flowers utilized for making garlands. Root is 
said to be a good antidote for snake-bite. Leaves alop are used 
for certain ulcers. 

193. Jasminum Grandlflorum Linn., Ill, p. 603. 

Fern. Name : Chambeli (Hind.) 

Habitat : Grown in gardens and houses. 

Usee : Leaves and flowers are used in medicine by the 
native physicians. The scented oil is considered very cooling. 
Leaves are used by Hindu physicians in skin diseases, ulcers of 
the mouth, etc The flowers are applied in the form of plaster 
to the loins and pubes as an aphrodisiac (Dymock). 

194. Jasminum humile Linn., HI. p. 602. 

(The yellow Jasmine.) 

Vem, Name : Pilee chambeli (Hind.). 

Habitat: Often cultivated in gardens. It is stated to 
grow wild in the hills of Hyderabad. 

Uses : The root is useful in ringworms (Honnigberger). 

195. Jasminum arborescens Roxb., F.BJ., Ill, p. 594. 

Vem, Names: Chambeli, Jangli Mogra (Hind.); Kusar 
(Mar.). 

Habitat : It is recorded in The Forest Flora of the State as 
common on the ghats in Aurangabad. 

Uses ; The juice of the leaves is used, with pepper, garlil 
and other stimulants as an emetic, in obstruction of the bronchiac 
tubes by viscid phlegm (Dymock). 

196. Jasminum dispermum Wall., F,BJ,, HI, p. 602, 

Fern, Name: Chambeli, 

197. Nyctanthes Arbotristis Linn., F,BJ,y III, p. 603. 

Vem. Names : Harsingar (Hind.); Karsha (Tel.); Kaisar 
(Mar.). 

Habitat : Abundant in the jungle all over, also found near 
temples, and cultivated in gardens. 

Uses : Leaves and bark hre used in medicine for fevers 
and sciatica. Flowers used for garlands. A dye is extracted 
from the orange-coloured corolla-tubes. The expressed juice- 
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of the leaves is given with a little sugar to children as a remedy 
for intestinal worms (Kirtikar). 

‘ 198. Schrebera swietenioides Roxb., F.BJ., Ill, p. 604. 

Fern. Name : Mokhab (Tel.). 

Habitat : So far as I have been able to ascertain, it is 
found in a few forests on the Telangana side. 

199. Ligustrum neilgherrense Wight., F.BJ., Ill, 

p. 615. 

Fern. Name : Kangain (Mar.). 

Habitat : Limited to the hills on the Marhatwari side 
(Ajanta hills). 

XL. APOCYNACEiE. 

200. Vinca rosea Linn., F.B.I., III, p. 640. 

Vem, Names: Sada-bahar (Hind.); Billa-ganeru (Tel.). 

Habitat : Very common in gardens and near fields. 

Uses : It is not used for any purpose here locally, but 
according to Surgeon Major P. N. Mukerji, the juice of the 
leaves is employed in Orissa as an application to wasp stings. 

201. Carissa Garandas Linn., F.B.L, III, p. 630. 

Vern, Names: Karaunda (Hind.); KaU-kai (Tel.). 

Habitat : Commonly cultivated in gardens throughout the 
Dominions. Also a hedge plant. 

Uses : Ripe fruits eaten though not much relished. Unripe 
fruits are curried. Leaves, root, and fruit are of medicinal 
importance. The unripe fruit is astringent and the ripe fruit is 
cooling, acid and useful in bilious complaints. Root reputed 
as a bitter stomachic, used in some places for itch. The fruit 
possesses antiscorbutic properties. 

202. Carissa spinarum A.DC., F.B.I., III, p. 631. 

Fern. Names: Karaunda (Hind.) ; Kali-kai (Tel.). 

Habitat : Wild in the forests all over, near villages, in 
hedges, on tank*bunds, etc. 

203. Plumeria acutifoiia Pbir., E.R.J., III, p. 641. 

(The Pagoda Tree or Temple Tree.) 

Fern* Names: Khair-chamj^ (Hind.); Vada ganneruy 
Modu-ganer (Tel.). 
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Habitat : Frequently found in temples, commonly cultivated 
in gardens, compounds and roadsides. 

Uses : The flowers are very fragrant and are made into 
garlands and used by Hindus in their temples. Bark, leaves, 
juice, branches and flower-buds are of m^icinal importance. 
The root bark is a strong purgative, also useful in gonorrhoea 
and for venereal sores. Plasters made of the bark are useful in 
dispersing hard tumours {Ph.I.). A poultice of the leaves is 
useful in dispelling swellings. ‘ Sap mixed with cocoanut is 
used as a remedy foi itch ’ (Talbot). 

204. Wrlghtia tlnctoria Br., F.B./., Ill, p. 653. 

Vern. Names : Kala inderjau (Hind.); Pala-kordsha (Tel.). 

Habitat : Abundant in the jungles, on roadsides through¬ 
out the Dominions. 

Uses : Root-bark and seeds are of medicinal importance. 
The bark is used as a tonic, and the seeds as an aphrodisiac. 
The root-bark and seeds are used as substitutes for Holarrhena 
anti-dysenterica. 

205. Nerium odorum Soland., F,B.L, HI, p. 655. 

(The Oleander.) 

Vem, Names: Oaner (Hind.); Oanneru (Tel.), 

Habitat : Grown in gardens all over the Dominions, found 
wild on sandy banks all along the Ghat-hills on the Marhatwari 
side—^Aurangabad, Daulatabad and other places. 

Uses : Bark and roots are poisonous, and as such, are used 
for criminal and suicidal purposes, and are also of medicinal 
importance. Roots used in skin diseases and inflammatory 
affections. A decoction of the leaves is prescribed for reducing 
swellings.. An oil prepared from root-bark is useful in leprosy, 
etc. 

206. Holarrhena anti-dysenterica Wall., F.B./., Ill, p. 644. 

Fern. Names: Inderjau, Dvdhia (Hind.); Istari-pala^ 
Kola-muha (Tel.). 

Habitat : Found all over as a roadside plant, also very 
common in forests. 

Uses \ As the name suggests, its bark is a sure remedy for 
dysentery. So are the seeds. ‘ An infusion of the roasted seeds 
is a gentle and safe astringent in bowel complaints, and is given 
to allay the vomiting of cholera (Ainslie, Mat. Ind., Vbl. II, 
p. 483). The seeds are attributed astringent, carminative, tonic 
and aphrodisiac properties. They are u^ful in chest affec¬ 
tions, fever, bowel complaints, piles, intestinal worms, etc. 
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Other cultivated plants recorded are :— 

207. Allamanda cathartica Linn., Cook, FI. Bomb. 

Pres., II, Pt. I, p. 144. 

Habitat : Commonly cultivated in gardens. 

208. Thevatia nerifolia Juss, Cook, FI. Bomb. Pres., II, Pt. I, 
p. 144. (The yellow Oleander.) 

Vem. Name : Pila ganer (Hind.). 

Habitat : A very common garden plant, cultivated every- 
where and often found vild. 

209. Ichnocarpus frutescens R.Br., F.B.I., III, 
p. 669. 

Vern. Name : Nalla Uga (Tel.). 

Habitat: A fairly common climber in the fwests along 
the Godavari. 

Uses : The root is considered to possess alterative tonic 
properties, and has been employed as a substitute for Sarsa¬ 
parilla (Ph. Ind.). A decoction of the stalks and leaves is used 
in fevers (Watt). 

210. Beaumontia grandiflora Wall., F.B.J., HI, p. 660. 

Habitat : A native of Nepal, commonly grown in thf 
State as an ornamental plant. 

Uses : A fibre is prepared from the young twigs (Watt, 
Diet. Econ. Prod., Vol. I, p. 434). 

XLl. AS(XHPlADEiE. 

211. Cryptostegia grandiflora Br., F.B.I., IV, p. 6. 

Vem. Name : Vilayati vakundi (Mar.). 

Habitat: Found along roadsides, in gardens, and com¬ 
pounds of houses. 

212. Galotropis gigantea Br., F.B.I., IV, p. 17. 

Vern. Name: Ak. 

Habitat : Very common in villages, and on waste lands all 
over. 

Uses: Juice of the leaves supposed to be an antidote 
for snake-bite. The root, bark, and flowers are of great medicinal 
importance (Kirtikar). The root-bark is said to promote the 
secretions and to be useful in skin diseases, enlargements of the 
abdominal viscera, intestinal worms, cough, etc. The milky 
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juice is regarded as a drastic purgative and caustic. The flowers 
are considered digestive, stomachic and tonic and useful in loss 
of appetite, cough, asthma, etc. (Kirtikar). 

213. Holostemma Rheedei Wall., F.BJ.y IV, p. 21. 

Vem. Name : Pala-gurji (Tel.). 

Habitat : Recorded as a hedge-plant (Partridge, Forest 
Flora of Hyderabad^ Deccan), 

Use : Its root is said to be used in diseases of the eye. 

214. Hemidesmus indicus R.Br., F,B.I,y IV, p. 5. 

Vem. Name: Usbha-i~hindi. 

Habitat : Wild, especially towards Warangal side. 

Uses : The roots are used as a substitute foi Sarsaparilla. 

‘ They are said to be sweet, demulcent, alterative, diaphoretic, 
diuretic and tonic. Useful in loss of appetite, disinclination for 
food, fever, skin diseases, syphilis and leucorrhoea ’ (Ihitt’s 
Materia M^ica, cf. Kirtikar, Pt. II, p. 808). 

For further information see Watt, Did. Econ. Prod., I, 
Pharrnacographic indica (p. 448). 

215. Garalluma attenuata Wight., F.B.I.y IV, p. 76. 

Habited : Wild throughout. 

XLIl. LOGANIACE^. 

216. Strychnos Nux vQi/nica Linn., F.B.I.y IV, p. 90. 

(Nux vomica or Strychnine tree.) 

Vem. Names : Kuchla (Hind.); Mushti (Tel.). 

Habitat: Found in extreme abundance in Pakhal, Muluk, 
and Adilabad district of the Hyderabad State, so much so that 
the water of many ponds and streams of these places is kuchla- 
infested and is very carefully used. 

Uses : All parts of the plant are of great medicinal im¬ 
portance. Nux vomica seeds are aphrodisiac; they are used in 
dyspepsia and diseases of the nervous system. Nux vomica is 
very useful in palsy, relaxation of the muscles and tendons, 
debility and chronic rheumatism (Makhzan). Seed is a vfiJuable 
nervine tonic and stimulant, useful in paralytic and neuralgic 
affections in atonic diarrhosa and chronic dysentery, in habitual 
constipation, in prolapsus of the rectum, speimatorrhcea, etc. 
(Pharmacographic in^ca.). It has also been used in fevers, 
epilepsy, diabetes, aniemia, chlorosis, etc. ' 
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XLIII. BORAGINACE^. 

217. Trichodesma indicum Br., F.B.L, IV, p. 153. 

Vem. Names : Chota Kulfa (Hind.); Gvsva^gvtti (Tel.). 

Habitat : Throughout the Dominions, in fields. Occurs 
more abundantly on the Telangana side. 

Uses : Leaves and root are of medicinal importance, being 
used for snake-bites, swellings, etc. 

218. Trichodesma amplexicaule Roth., F.B.L, IV, p. 153. 

Habitat : Wild, commonly found in fields, amongst hedges, 
waste places, etc. 

219. Cordla Rothii Raem and Sch., F.B.I., IV, p. 138. 

Fam. Names : Oondni (Hind.); Bohur (Mar.). 

Habitat : Quite common round about Hyderabad, also 
generally met with near cultivated grounds and villages. 

Uses : The pulp of the fruit is eaten. The decoction of 
the bark possesses astringent properties and is used as a gargle 
<Pft. Ind,), 


220. Cordia Myxa Linn., F.B /., IV, p. 136. 

Yem, Names: Bar-gondni, Lasura (Hind.); Sejnstan (Pers.); 
Pedda Irki (Tel.) ; Bakar (Mar.). 

Habitat : Quite common in forests throughout the 
Dominions ; often cultivated for its fruit. 

Uses : The fruit ‘ Sepistan ’ is eaten, and is used in in¬ 
digenous medicine for cough. The seeds Chakun-ki-btjy wood 
and bark are also medicinal, being a good remedy in ringworm. 
Teeth are rubbed with the bark to strengthen them. The bark 
contains a large amount of tannic acid. The raw fruits are 
pickled. 

221. Heliotropium curassavicum Linn., Mayuranathan, 
Flora of Madras City, p. 189. 

Habitat : Commonly found in fields. 

XLIV. CONVOLVULACE^. ^ 

» 

222. Ipomoea Batatas Lamk., IV, p. 202. 

(Sweet potato.) 

Vem. Names: Raldlu, Ldl dlu or Shakhirkund (Hind.); 
Kanda-gadda (Tel.). 
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Habitat : Commoiily cultivated throughout the Dominioiis^ 

Uses : The tubers, which are either red or white, are eaten 
after boiling them and are made into tasty sweets. 

223. Ipomoea hederacea Jacq., IV, p. 199. 

Habitat : Wild in waste places. 

224. Guscuta reflexa Roxb., IV, p. 225. 

(The Dodder.) 

Fern. Name : Passi tiga (Tel.). 

Habitat : Common in open jungles throughout the 
Dominions. It is found growing on Zizyphns and other trees. 

Uses : The seeds are considered carminative, and for this 
purpose are boiled and placed over the stomach (Kirtikar). The 
stem is said to be useful in bilious disorders {Bombay Gazetteer). 
The seeds are purgative. 

225. Evolvulus alsinoides Linn, F.B.I,, IV, p. 220. 

Habitat : Commonly wild on lands and waste places. 

• 

226. Convolvulus arvensis Linn., F.B.L, IV, p. 219. 

Habitat : Wild throughout. 

227. Argyreia speciosa Sweet., F.B.L, IV, p. 185. 

(Elephant Creeper.) 

Vern. Names : Samandar-sok; Samandar-ka-pat (Hind.); 
Kaf-i-darya (Pers.); Samvdra-pala (Tel.). 

Habitat : Fairly abundant round about the city of 
Hyderabad. * 

Uses : In Hindu medicine, the root is regarded as altera¬ 
tive, tonic and useful in rheumatic affections and diseases of the 
nervous system (Dutt, c/. Kirtikar, p. 872). The leaves are 
used as emollient poultices for wounds and externally in skin 
diseases. Mixed with vinegar the sap is rubbed over "the body 
to reduce obesity (Watt). 

XLV. SOLANACEiE. 

228. Solanum tuberosum Linn., Cook, FL Bomb, Pres,^ 

II, Pt. II, p. 269. (Potato.) 

Vem, Names : Alu (Hind.); Alk^udda (Tel.). 

Habitat : Extensively cultivated all over Hyderabad for 
its tubers. 
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Uses : The tubers or the potatoes are used as food in 
various forms and are almost indispensable. 

229. Solanum Melongena Linn., F,B.L, IV, p. 235. 

(The Egg Plant; Brinjal.) 

Fern. Names : Baingan (Hind.); Wankailu (Tel), 

Habitat : Cultivated throughout for its fruit. 

Uses : Fruit is used -in curries. The seeds are used as a 
stimulant and the leaves as a narcotic (Atkinson). The seeds 
are apt to lead to dyspepsia and constipation (Stewart). It is 
for this reason, I think, that the local physicians prohibit its use 
to patients suffering from fever or cough. As a matter of fact 
they consider it injurious for patients suffering from any disease. 

230. Solanum nigrum Linn., F.B.7., IV, p. 229. 

Vem, Names : Kamunni, Makoi (Hind.) ; Kanchi-pundu 
(Tel.). 

Habitat A common weed in gardens, and also cultivated 
in fields throughout Hyderabad. 

Uses : According to Dutt, the berries are considered tonic, 
diuretic and useful in anasarca and heart diseases. In Bengal, 
the berries are employed in fever, diarrhooa, eye-diseases, hydro¬ 
phobia, etc. (T. K. Mukerji.) In the U.P., the juice is used in 
blood-spitting, piles, dysentery, etc. In Bombay, the juice is 
given in doses of six to eight ounces in the treatment of chronic 
enlargement of liver, and is considered n valuable alterative 
(Dymock). 

The juice acts as an expectorant and diaphoretic (S. 
Arjun). , 

Locally the juice of the plant is boiled until it loses its 
green colour and when reddish brown is taken off the fire, 
strained, cooled, and then administered. About half a cup to 
three-fourths of it is the usual quantity taken at a time. It 
does help to reduce the enlarged liver. 

231. Solanum xanthocarpum Schrad and Wendl., 
F.B./., IV, p. 236. 

¥ 

Vem, Names : Kutia, SiaUkanta and Kavtikari (Beng.); 
Dorli-ka-phal (Hind.); Kuda (Tel.). 

Habitat : Abundant throughout Hyderabad on waste 
ground, by ro^sides, etc. • 

Uses : The root is used in cough, asthma, catarrhal fever 
and pain in the chest (Kirtikar, II, p. 897). 

The roots beaten up and mixed with wine are ^ven to check 
vomiting. The juice of the berry is also useful in sore-throat 
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{Agra Exhibition, cj, Kirtikar). The stems, flowers and fmit, 
according to Dr. Wilson (Calcutta Med. Phys. Trans.^ II, p. 406), 
are bitter and carminative, and are prescribed in those forms 
of the burning of the feet (Ignipeditis), which are attended with 
a vesicular, watery eruption. Toothache is said to be cured by 
fumigations*with the vapoui of the burning seeds of this plant. 
According to Dr. Peters of the Bombay Medical Service, the 
plant is much used in Bengal as a diuretic in dropsy. In the 
Punjab hills, the expiessed juice of the leaves is given with black 
pepper in rheumatism. A decoction of the plant is used in 
cases of gonorrhoea. ‘ The bud and flower, with salt (solution) 
good for watery eyes ’ (J. J. Wood’s Plants of Chutia Na^gpur, 

p. 122). 
f 

232. Solanum verbascifolium Linn., IV, p. 230. 

Habitat : Rare plant, found in damp shady places near 
villages, probably as an escape. 

233. Datura fastuosa Linn., F.B.L, IV, p. 242. 

Vern. Naims : Kaladhafura (Hind.) ; NalUummetta (Tel.). 

Habitat : Common throughout Hyderabad in waste places. 

Uses : The seeds are a favourite poison for criminal pur¬ 
poses The seeds and their preparations are employed by 
roadside thieves for stupefying their victims. They are also used 
for making intoxicating liquor. The seeds, leaves and fresh 
juice are narcotic, anodyne, and antispasmodic (Kirtikar, 
Vol II, p. 914). An alkaloid, Daturine, is useful as a substitute 
for Belladona, and is prepared from the seeds (Kanai Lai De 
Bahadur). According to Dr. Aswald, imnj^diate relief follows 
smoliing a small quantity of the leaves in cases of asthma 
{PH. Irid.). The juice of fresh leaves or their poultice is useful 
for painful swellings, the former being also useful in ophthalmic 
pain (D. Basu). The juice of fresh leaves is useful in ear-ache, 
a drop or two aie poured inside the ear (T. N. Ghose). In 
Mysore, the juice of the leaves is given once daily with curdled 
milk for gonorrhoea (North). ^ 

234. Datura alba Nees., F.B.I., IV, p. 243. 

Vem. Names : Safed dhatura (Hind.); Ummetta, dhuU 
turamu (Tel.). 

Habitat : Common throughout Hyderabad in waste places. 

Uses : The seeds are supposed to be not so deadly as those 
of D. fastuosa. * In Hindu medicine, the root of D. alba is 
boiled in milk, and this milk is administered with clarified butter 
and treacle in insanity. The seeds, leaves and roots are con- 
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sidered useful in insanity, fever, with catarrhal and cerebral 
complications, diarrhcea, skin diseases, lice, etc.’ (Dutt). 

* Epithems of the bruised leaves, or embrocation formed by 
macerating the bruised seeds in any bland oil, are often very 
effectual in allaying the pain in rheumatic swellings, nodes, 
boils, and tumours ’ {Pharmacopeia Jvdica). 

235. Nicotiana Tabacum Linn., F.B.T., IV, p. 245. 

(Tobacco Plant.) 

Vern. Names : Tambaku (Hind.); Pogako (Tel.). 

Habitat : (Cultivated in almost every village throughout 
the Dominions. 

Uses : Officinal in both Indian and British Pharmaco¬ 
peias. Two important preparations of tobac;co are made in 
Hyderabad : (i) Khamira —It is a mixtme of finely powdered 
tobacco, musk, and otheF things, prepared in a special manper. 
When ready it is mixed with fine silver-sheets (waraq), and 
eaten with Pan (betel-leaf). It is usually so strong that at the 
most only half a gram size can be taken at a time, (ii) Ovdaku 
—It is prepared with tobacco, Our (raw sugar), and other sub¬ 
stances. It is of a black colour, and is made into round discs 
of varying thickness and weights. This tobacco preparation is 
used in ‘ Hubble-bubbles ’. 

236. Nicotiana plumbaginifolia Viv., F.BJ., IV, 

p. 246. 

Habitat : A plant was found growing at the base of an 
old wall near a gutter. 

» 

237. Lycopersicum esculentum Mill., F.B.I., IV, 

p. 237. (Tomato.) 

Fern. Names : Vilayati baingan (Hind.). 

Habitat : Cultivated extensively all over. 

Uses : Too well known as a table favourite, being used in 
salads and curries. . 

238. Capsicum frutescens Linn., F.B.I., IV, p. 239. 

(Chilly.) 

Vern. Names : LM Mirch (Hind.); Mirpa (Tel.). 

Habitat : Extensively cultivated all over for its fruit. 

Uses : Chillies are an essential ingredient of Indian curries. 
They are used by Indian physicians in cholera, dyspepsia, inter¬ 
mittent fevers and typhus. Externally, they are used as 
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rubefacient and internally, used as stomachic (Atkinson), 
‘ A dose of ten grains of finely powdered capsicum seed, given 
with an ounce of hot water, two or three times a day, sometimes 
shows wonderful effects in cttses of delirium tremens ’ (Surg. 
Major Gray, Lahore). 

XLVI. SCROPHULARINE.E. 

239. Torenia asiatica Linn., IV, p. 277. 

Habitat : Commonly cultivated in gardens throughout the 
Dominions. 

Uses : According to Kirtikar, the juice of the leaves is 
considered a cure for gonorrhoea on the Malabar coast (Rheede). 
But as far as I know they are not put to any use locally. 

240. Antirrhinum majus Linn., Cooke, FI. Bomb. Pres., 

* II, Pt. II, p. 309. (Sifapdragon.) 

Habitat : Grown in gardens as An ornamental plant. 

» 

241. Lindenbergia urtiegefolia Lehm., F.B.I., IV, p. 262. 

Uses : The juice is of medicinal importance, being given in 
chronic bronchitis, also applied with that of coriander to skin 
eruptions (Kirtikar). 

XLVTI. BIGNONIACE^. 

242. Miilingtonia hortensis Linn., F.B.I., JV, p. 377. 

(Indian Cork Tree.) 

Vern. Nairn : Akas-nim (Hind.). 

Habitat : Grown in gardens, avenues, on roadsides. 

243. Kigelia pinnata DC., Cooke, Fl\ Bomb., II, p. 336. 

(Cucumber tree, Sausage tree.) 

Habitat : Planted round about Hyderabad in gardens. 

Uses : The Tongas apply the powdered fruit as a dressing 
to ulcers. The ripe fruit is not edible (Stevenson-Hamilton), 
but is purgative. The unripe fruit is used in Central Africa as 
a dressing in case of syphilis and rheumatism (Watt and Breyer- 
Brandwijk). 

244. Oroxylon indicum Vent., F.B.L, IV, p. 378. 

Vem, Names : Dundilum, Pamp&nuchettu (Tel.). 

Habitat : Met with throughout the Dominions. 
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Uses ; Bark and seeds are of medicinal importance. Boot- 
bark is used in native medicine for diarrhoea and dysentery. 
Seeds purgative. 

245, Stenolobium stans Seem., Cooke, FL Bomb. Pres., 

II, Pt. II, p. 335. 

Habitat : A native of America. Extensively planted as 
an ornamental shrub. 

246. Spathodea campanulata Beauv., Fl.D’Owei., 
Cooke, FI. Bomb. Pres., II, Pt. II, p. 335. 

(The Fountain Tree ; the Flame Tree). 

Habitat : A native of tropical Afri(*a. Planted as a road¬ 
side tree. 

XLVllJ. PEDALINE^:. 

247. Sesamum indicum DC., F.B.I.. IV, p. 387. 

Vern. Name : Til (Hind.). 

Habitat : (!)ultivated extensively throughout the Dominions. 

Uses : The seeds known as Til are used in curries. An oil 
extracted from them, Tillulca-tel, is also used in ceitain curries 
instead of ghee (clarified butter). 

The seeds arc considered emollient, nourishing, tonic, 
diuretic, and lactagogue. They arc useiul in piles. Both the 
seeds and the oil are used with other medicines in dysentery and 
urinary diseases. A decoction of the seeds, SA^eetened with 
sugar, is prescribed in cough, etc. A poultice made of the 
seeds is applied to ulcers, bums, etc. A lotion made from the 
loaves is supposed to be a good hair-wash ; a decoction of the 
root is used for the same purpose. The seeds ]) 08 se 8 s powerful 
emmenagogue properties. (For further information refer to 
Kirtikar and Watt's Dictionary.) 

After extracting the oil from the seeds the waste is given to 
cattle, and it forms an excellent food. 

248. Pedalium Murex Linn., F.B.I., IV, p. 386. 

Vem. Names : Fareed-buti, Bara gokhru (Hind.); Pedda- 
pcUleru (Tel.): Mothe-gokharu. 

Habitat : It grows very wild. 

Uses : An infusion of fresluleaves and stems in cold water 
is a highly prized remedy amongst the people of Southern India, 
in gonorrhoea and dysuria (Kirtikar). Fruits are said to be 
demulcent, diuretic, antispasmodic and aphrodisiac. ‘The 
mucilaginous water derived from the leaves is useful in 
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unnatural heat of the kidneys and the ardour urime. It relieves 
strangury, and dissolves calculi.’ 


249. Martynia dlandra Glox., F.BJ.y IV, p. 386. 

(Tiger’s claw or Devil’s claw.) 

^ Vern. Name : Bichchu (Hind.). 

Habitat : Said to be an American weed, but it is very 
wild in Hyderabad, occurring in fields and waste places. 

Usee : The fruit is rubbed down with water and applied 
externally for scorpion sting (Kirtikar, Ind. Med. PI., Pt. U, 
p. 950). 

XLIX. ACANTHACE^. 

♦ 

250. Aindrographis paniculata Nees., F.B.I., IV, p. 601. 

Vem. Names: Charayetah, chiraita (Hind.) NeJUivemu 
(Tel.). Real Chiraita is Swertia Chirata. 

Habitat : Throughout the Tolangana Districts, especially 
in Adilabad, Muluk, Pakhal, etc. 

Vses : The shoots and roots have many important medicinal 
properties. The commonest use, to which this drug is put, is 
in checking malaria, also dysentery and diarrhoea. It is so far 
the best substitute for quinine, and the Unani physicians, who 
do not make use of quinine, prescribe charayetah infusion. 
It is also used for purifying the blood, for instance, an infusion 
of this drug is given to patients sufiermg from itches. The bitter 
principle is said to be a crystalline glucoside—‘ a7idrogra'phid .* 
(Boorsma). * 


251. Justicia Gendarussa Linn., F.B.I., IV, p. 532. 

Vem. Names : Oodi-shambalu (Hind.); NaU-vavili (Tel.). 

Habitat : I have noticed it along the fields a little away 
from the roadside in Pakhal (Telangana side). 

Uses : Locally, the juice of the leaves is dropped in the 
ear for ear-ache. 

262. ^Barieria cuspid'ata Heyne., F.B.I., IV, p. 483. 

Habitat ; It is found everywhere in fields and waste ground 
in rather dry situations. 

253. Justicia Betonica Linn., var. ramosissima, Boxb., 

IV, p. 626. 

^ Habitat ; Common in the hills ; also oultivated. 
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254. Lepidagathis cristata Willd., IV, p. 616. 

Habitat: Wild throughout the Dominions in rather dry 
areas. 

L. VERBENACEiE. 

266. Lantana Camara Linn., IV, p. 562. 

Habitat ; Found all over the Dominions, especially along 
roadsides and waste places ; very often amongst Cactvs plants. 

(For further information refer to my articles in ‘ Current 
Science Vol. I, No. 10, April 1933, p. 330, and Vol. II, No. 3, 
September 1933, p. 83.) 

256. Tectons grandis Linn., F.B.I., IV, p. 570. 

Fern. Names : Sagwan (Hind.) ; Tehu (Tel.). 

Habitat : One of the most prominent forest trees of the 
Dominions. 

This is the principal species in the hill-forests. Found 
along the right bank of Godavari, also in the Warangal District, 
viz. Pakhal, and Adilabad District. 

Uses : This tree is of great economic and medicinal im¬ 
portance, and its uses are too well known to be enumerated in 
detail here. Furniture, beams, trusses, rafters, doors, window- 
frames, flooring, stair-cases, carts, agricultural implements aie 
made out of teak. Teak-wood oil is of medicinal importance, 
being used as a substitute for linseed oil and as varnish. A 
plaster of the powdered wood is recommended in hot headaches 
and for the dispersion of inflammatory swellings. Taken inter¬ 
nally it is efficacious in dyspepsia with b rning of stomach. It 
is also vermifuge. The bark is astringent and the flowers are 
diuretic. 

257. Duranta plumieri Jacq., Cooke, FI. Bomb., II, p. 437. 

Habitat: Extremely common round about the city, grown 
as a hedge plant. Native of ISou^h America and the West Indies 
(Cooke). , 

LI. LABIATE. 

268. Ocimum canum Sims., F.B.I., IV, p. 607. 

Vem. Names : Safed tulsi (Hind.); Kukka4ulasi (Tel.). 

Habitat : Abundant in gardens. 

Uses : During high fever when hands and feet are cold^ 
the leaves made into a paste, are applied to the fingers and 
toe-nails. 

t 

259. Ocimum gratissimum Linn., F.B.I., IV, p. 607. 

Vem. Name : Bam4ulsi. 

Habitat : Cultivated near temples. 
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Vaea : The juice of the leaves mixed with a little honey 
is often prescribed by Indian physicians for cold, especially 
for infants. The juice is also applied externally in cutaneous 
diseases. Dried leaves when burnt, drive away mosquitoes. The 
decoction of the roots is given in malarial fevers. Seeds are 
demulcent, and are given in disorders of the genito-urinary 
system. The juice of the fresh leaves dropped into the ear is 
a good cure for ear-ache. 

260. Ocimum Basilicum linn., JP.JB./., IV, p. 608. 

Vem. Namaa : Sahza (Hind.); Raihan (Arab.); Rudra~jeda 
(Tel). 

Habitat : Commonly cultivated. 

Uaea : The seeds are mucilaginous and cooling. They are 
soaked in water, and when they swell up more water is added 
with enough sugar to sweeten them, then with the addition of 
milk and ice a very refreshing drink (sherbat) is obtained. An 
infusion of the seeds is given in gonorrhoea, diarrhoea, and chronic 
dysentery. Bruised leaves are usef^d for scorpion stings, and 
their juice is recommended for ringworms. Roots are used for 
the bowel complaints of children. The essential oil contains 
* ocimene ’. 

261. Ocimum sanctum Linn., F.BJ., IV, p. 609, 

Vem. Names : Tnlsi, Kali tulsi (Hind.) : Tulasi, qaqqera- 
^^heitu (Tel.). 

Habitat : Commonly grown in gardens, in temples all over 
the Dominions. Also found in waste places. 

Uses : Same as of 0. gratissimum Linn. 

262. Mentha viridis Linn., F.B.L, TV, p. 647. 

(The common mint.) 

Vern. Names : Pudinah <(Hind.) ; Pudina (Tel.). 

Habitat : Cultivated in gardens thioughout the Dominions. 
Strongly scented perennial herb with suckers. 

Uses : The leaves are used foi flavouring curries. Oil 
extracted from the leaves is of medicinal and economic im¬ 
portance. The well-known Pudina^ki-chatni is prepared from 
the leaves, mixed with a little of tamarind, salt, and sugar. It 
IS refrigerant and stomachic, checks bile and vomiting. Leaves 
are given in fever and bronchitis. 

263. Salvia farinacea Benth., Cooke, FI. Bomb. Pres.^ II, 
Pt. Ill, p. 475. 

Habitat: I have not yet had the opportunity of ascertain¬ 
ing its habitat definitely. The flowering shoots were brought to 
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me from the compound of the office of the Director of Agriculture 
^Station Road, Hyderabad). 

LTI. NYCTAGINE^. 

264. Mirabilis Jalapa Limi., Cooke, FL Bomb. Prea., 

II, Pt. Ill, p. 483. 

Vern. Name : GvlA-Abhaa. 

Habitat : Commonly grown in gardens, and houses as an 
ornamental plant. 

265. Bougainvillea spectabllis Willd., (V^oke, FI. Bomb. 

Pres., II, Pt. Ill, p. 483. 

Habitat : Commonly grown in gardens. 

266. Bougainvillea glabra (^hoisy., (^ooke, FI. Bomb. 

Pres., n, Pt. Ill, p. 4H3. 

Habitat: C^ommonly grown in gardens. 

267. Boerhaavia diffusa Linn., Cooke, Ft. Bomb. Pres., 

11, Pt. in, p. 480. 

Habitat : Very abundant throughout in fields, hedges, etc 

Uses : Santals use it in food os well as in medicine. Watt 
suggests that this hardy perennial h('rb would make a good 
fodder for cattle. It is given to cattle in Bengal as a medicinal 
food and is supposed to increase the quantoy of milk. Infusion 
of the root or the powder is used as a laxative, diuretic, anthel¬ 
minthic, and cooling medicine. It is a good expectorant and is 
useful in asthma. It possesses emetic properties also. A 
poultice of the leaves is said to be useful in abscesses. (For 
further information see Watt, Diet. Econ. Prod., I.B., p. 486.) 

LIII. AMARANTACEiF:. 

268. Gelosia argentea Linn., F.B.I., IV, p. 73. 

Vern. Name : Safed margha (Hind.). 

Habitat : Wild all over, growing in fields, gardens and 
compounds of houses. 

Uses : The seeds are efficacious in diarrhoea. Taken with 
other substances they are a powerful aphrodisiac. 

269. Amarantus spinosuA Linn., F.B.I., TV, p. 718. 

Vern. Names • Kante mat (Hind.) ; Nalta doggali (Tel.). 

Habitat : Wild throughout Hyderabad, growing in waste 

places, fields and gardens. 
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Used: The leaves are curried. The herb is ‘considered 
light, cooling and promoter of the alvine and urinary dis¬ 
charges * (cf, Kirtikar). The root is a specific for colic and 
gonorrhoea. The whole plant is an antidote for snake-poison. 

LIV. CHENOPODIACE^. 

270. Spinacia oleracea Linn., F.BJ., V, p. 6. 

Vern. Names : Palalc (Hind.); Palang (Beng.); PdUilc 
Bhaji (Mar.). 

Habitat : Extensively cultivated throughout Hyderabad 
as a lainy-season crop. 

Uses : The shoots are curried. Spinach is considered very 
cooling and refrigerant by the Unani physicians. The seeds are 
cooling and laxative. 

LV. PHYTOLACCACE^. 

271. Rivinia humilis Linn., Mayuranathan, Flora of Madras 
City, p. 251. (Blood Berry.) 

Habitat : Found as an escape in gardens and elsewhere. 
LVl. POLYGONACEiE. 

272. Rumex vesicarius Linn., F.B.I., V, p. 61. (Sorrel.) 

Fern. Names : Chooica, Chuka (Hind.). 

Habitat : Cultivated throughout the Dominions. 

Uses : The leaves are used in curries. The juice, seeds, 
and root are medicinal. It is considered ♦very cooling. The 
seeds are a valuable antidote for insect bites and dysentery. 
The juice is comforting in toothache, also useful in heat of 
stomach. 

LVII. PIPERACE^. . 

273. Piper betle Linn.,F.B./., V,p. 85.^ 

Vem. Names : Pan-ki-bel (Hind.); Tamdl-pakoo (Tel.). 

Habitat : Widely cultivated for its leaf. Requires plenty 
of water and shade. 

Uses : The betel-leaf (Pan) is universally chewed in the 
State. % 

LVIII. LAURACEiE. 

274. Litssea polyantha Juss., F.BJ., V, p. 162. 

Vem. Names : Jangli-rai-am, Maida-lahri (Hind.). 

Habitat : Found on the Aurangabad Ghats (Partridge, 
Forest Flora of Hyderabad), 
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Usea : An oil is extracted from the berries. The bark is 
used in medicine, and is a mild astringent, and has a considerable 
degree of balsamic sweetness (Ainslie). According to Campbell, 
the powdered bark is applied to the body for pains arising from 
blows or bruises, or from hard work ; it is also applied to frac¬ 
tures in animals. 

276. Lltssea sebifera Pers., V, p. 157. 

Fern. Names : Narra-ma-midi, Nara-rhettu (Tel.); Maida^ 
lakri (Hind, and Mar.). • 

Habitat : ^ Very scarce. Found cliiefly in the forests along 
the Godavari. 

Uses : The oil of the berries is used in rheumatism. The 
bark is employed as a demul(*ent and milk astiingent in diarr¬ 
hoea and dysentery (Hymock). 

LIX. LORANTHACE^. 

276. Loranthus longiflorus Desv., F.B.L, V, p. 214. 

Vem. Name : WajiniJea (Tel). 

Habitat : A common parasite on mohua (Bassia latifolia), 
ebony {Diospyros melanoxylon), Psidiviri guyava, Melia azadi- 
raxhta, Cordia myxa^ Auona squamosa, Pmiica grariatum, and 
other plants. ^ 

Other members of this family record( d are :— 

277. Loranthus scurrula Linn., F.B.I., V, p. 208. 

Vern. Name : Wajinika (Tel.). 

278. Viscum articulatum Burm., F.B.I., V, p. 226. 

Vem, Name : Wajinika (Tel.). 

LX. SANTALACEiE. 

279. Santalum album Linn,, F.B.I., V, p. 231. 

(Sandal-wood tree.) 

Vem* Names : Sandal, Chandan (Hind.). 

Habitat ; Found in the Hyderabad forests. 

Uses : The heartwood is the well-known sandal wood. It 
is said to be very cooling, astringent, being useful in fever, heat 
of the body, thirst, vomiting, biliousness, and gonorrhoea* 
The wood, ground up with water into a paste, is applied to the 
temples in fever, to local inflammations, and to skin diseases. 
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The oil of the wood is a very good remedy for gonorrhoea. The 
oil from the seed is used in skin diseases. 


LXI. EUPHORBIACEiE. 

280. Euphorbia pulcherrima Willd., Cooke, FI, Bomb, 
Pres., II, Pt. Ill, p. 570. 

Habitat : Native of Mexico. Grown almost everywhere 
in gardens for its showy floral leaves. 

281. Euphorbia Tirucalli Linn., P.jB.J., V, P- 254. 

(Milk Bush.) 

Vern, Name : Sehnd (Hind.). 

Habitat ; Abundant on roadsides in villages throughout the 
Dominions. 

Uses : The fresh juice is said to be an effectual application 
for removing warts, and in rheumatic pains. It has also a great 
repute as an antisyphilitic. 

282. Euphorbia heterophylla Linn., Cooke, FI, Bomb, 
Pres,, II, Pt. Ill, p. 571. 

Habitat : A native of N. America. (Cultivated in gardens as 
an ornamental plant, also found as an escape. 

283. Phyllanthus Emblica Linn., F.B.L, V, p. 289. 

Vem, Names : Aonla (Hind.); Ambliy (Arab.); Amelah 
(Pers.); Anvala (Mar.). 

Habitat : Cultivated in gardens for its fruit; also wild in 
Mulug and Pakhal forests. 

Uses : Preserved fruits are tasty, and are considered 
cooling, laxative, and tonic. The fresh juice is cooling, re- 
fi^erant, diuretic, and laxative. The exudation from the in¬ 
cisions on the fruit is used as an external application in the 
inflammation of the eye (Dutt, c/. Kirtikar).' Dried fruits pos¬ 
sess a slightly aromatic odour and an acidulous astringent taste. 
These are used in the process of tanning and are an excellent 
astringent in bowel complaints. The bark is likewise an 
astringent, and the fresh juice seems to be used in gonorrhoea. 

284. PhyUanthus distichus Muell., F,B,I,, V, p. 394. 

Vent, Name : Herfareuri (Hind.). * 

Habitat : Cultivated cver 3 rw'here in gardens for its fruit. 

Uses : The acid and astringent fruit is curried, ripe fruits 
are eaten raw. The root is an active purgative, and the seed is 
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also cathartic. The curried fruits are supposed to prevent excess 
of bile. 

286. Phyllanthus Niruri Linn., F.BJ., V, p, 298. 

Habitat : Grows wild. 

286. Jatropha glandulifera Roxb., V, p. 382. 

Vem. Names : Jangli-erandi (Hind.). 

Habitat : Very abundant in villages all over, growing in 
certain areas amongst cactus. 

Uses: The oil of the seeds is considered a stimulant 
application in rheumatism and paralysis, and is also used as an 
application to ulcers, bad wounds, ringworm, etc. It possesses 
purgative properties. The root brayed with water is given to 
children suffering from abdominal enlargements (Kirtikar). 
The juice of the plant is said to remove films from the eyes 
(Dymock). 


287. Croton Tiglium Linn., F.B.I., V, i>. 393. 

Vern, Names : Jamal Oota (Hind, and Mar.) ; Nepala 
vitna (Tel.). 

Habitat : (bmmon in forests on the Telangana side. 

Uses : The seeds are a very strong purgative. Both the 
seeds and the oil are useful in many diseases. 

288. Acalypha indica Linn., F.B.L, V, p. 416. 

Vern. Names: Kuppi (Hind.); KhoHi (Mar.); Ku2)pau 
chettu (Tel.). 

Habitat : Very wild throughout the Dominions, occurring 
as a weed in gardens, fields, and roadsides. 

Uses : It is expectorant, diuretic, purgative, and anthel¬ 
minthic. The juice of the leaves is put into the ear for ear¬ 
ache, it is used with oil as an external application in rheumatism, 
in scabies and also in snake and centipede-bites. The root is 
used as a purgative. There are many other properties ascribed 
to the root and leaves of this useful herb. (For detailed infor¬ 
mation, refer to Kirtikar.) 

289. Acalypha marginata 8 preng., Cooke, FI. Bomb. 

Pres., II, Ft. Ill, p. 612. 

Habitat : A veiy common foliage plant in gardens. 
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290. Mallotus philipp^nensis Muell., V, p. 442. 

Fern. Names: SenMr, Kamela (Hind.); Chindra sinduri 
(Tel.); Shindur (Mai.). 

Habitat: Common throughout in the forests and hilly 
regions. 

Uses : The red powder covering the ripe capsules furnishes 
a valuable dye which is employed in dyeing silk. Theik powder 
prepared from the fruit possesses vermifuge, anthelminthic, 
^purgative, and cathartic properties. 

291. Ricinus communis Linn., V, p. 457. 

(The Castor-oil Plant.) 

Vem, Jjjfamea : Arandy Brandi (Hind.). 

Habitat : Cultivated extensively throughout the dominions, 
especially on the Marhatwari side. 

Uses : The oil from the seeds is used for burning, and as 
a purgative. It is a good lubricant. 

LXII. URTICACE^. 

292. Morus indica Linn., F,BJ,y V, p. 492. (Mulberry.) 

Vern, Names : Shahtut or Tut (Urdu and Hind.); Kambali 
(Tel.). 

Habitat : Mostly grov^m in gardens. 

Uses : Ripe fruits are very tasty and edible. The tree is 
largely cultivated in Bengal to feed silkworms. Rearing of 
silkworms on mulbeiry tree is being experimented in the State 
by interested and enthusiastic persons. 

293. Ficus bengalensis Linn., F,B,Ly V, p. 499. 

(The Banyan.) 

Vern. Names : Buf, Burgat (Urdu and Hind.); Pedda-marri 
(Tel.). 

Habitat : Practically all over the Dominions. 

Uses : In certain areas this tree is being worshipped by a 
certain class of Hindus. In some parts of India, especially 
Northern India, the lat^x is used for eye-sore. The milky juice 
is externally applied for pains and bruises and in rheumatism 
and lumbago. Considered as a valuable application to the soles 
of the feet when cracked or inflamed and is also applied to 
the teeth and gums as a remedy foi toothache (Kirtikar). 

An infusion of the bark is said to possess specific properties 
in the treatment of diabetes. The root-fibres are useful in 
gonorrhoea. 
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294. Ficus religiosa Linn., F.B.L, V, p. 513. 

(Peepul tree.) 

Fern. Names : Peepul (Hind.); Ragi (Tel.). 

Habitat : Very common throughout the Dominions. 
Usually planted in villages, in avenues on roadsides, near temples, 
etc., grows as an epiphyte on palmyra and date-palms, also 
in the crevices of old walls and wells. Under such situations 
they remain in a stunted condition. 

Uses : The bark is astringent, used in gonorrhoea. The 
fruit helps in digestion and is laxative. The seeds are cooling. 
In Northern India lac insects are reared on the twigs of peepul 
for the production of lac. 

295. Ficus glomerata Roxb., V, p. 535. 

Ver7i. Names : Qnlnr (Hind.); Medi (Tel.). 

Habitat : Very common near villages, planted in avenues 
on roadsides, grows at its best near water, viz. on the bank of 
rivers, etc. 

Uses : Flavour insi])id; much eaten by the poor classes; 
usually infested with insects. A jelly is made out of the fruits, 
and is supposed to have a cooling effect. Leaves, bark, roots, 
and fruit aie of medicinal importance, usually made use of by the 
Indian physicians. Th(‘ bark is used foi washing wounds, and 
is astringent. It is als(» emplo^'ed to remove the poison from 
wounds made by a tiger or cat. The root is efficacious in dysen¬ 
tery. The fruits are astringent, stomac'^-ic and carminative. 
The milky juice is useful for ])iles and gonorrhoea, the juice of 
the fresh and lipe fruits being useful in diabetes and other 
urinary diseases. 

296. Ficus Garica Linn., Cooke, FL Bo^nb. Pres., IT, 

Pt. IV, p. 655. (The fig.) 

Vern. Name ; Anjir (Hind.). 

Habitat : Frequently cultivated in gardens for its fruit, 
but never found wild. 

Uses : Fruit very much relished. 

297. Ficus elastica Roxb., F.BJ., V, p. 508. 

(Indian Rubber tree.) 

Vern. Name : Rubber-ka-jhar (Hind.). 

Habitat : Grown in a few big gardens in Hyderabad proper 
and in the districts as an ornamental tree. An interesting 
feature about it is the development of buttress-roots at the base 
of the stem radiating in all directions. They are often several 
feet deep, but not thick. ^ 
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Uses : The coagulated and dried latex form the India 
rubber of commerce. Incisions are made on the main stem. 
Below the incisions pots are tied round the tree, one under¬ 
neath the other, and left attached for the day. Then they are 
taken out, and to the milk a little watery solution of alum is 
added. The milk coagulates and the rubber is allowed to dry 
and drain for a week or so. (For details, refer to Watt, The 
Commercial Products of India,) 

298. Ficus infectoria Roxb., V, p. 515. 

Vem, Names : Pipli (Hind.); Jive, Juvi, Banda-jivi (Tel,). 

Uses : The bark of this along with the barks of other 
species is used as a wash for ulcers. 

299. Ficus hispida Linn., F,B,L, V, p. 522. 

Vern, Names: Kat-gularia, Lumbar (Hind.); Boma-medi 
(Tel.). 

Uses: According to Sanskrit writers, the figs of this 
plant promote the secretion of milk (Kirtikar). 

300. Artocarpus integrifolia Linn., F,B.L, V, p. 541. 

(The Jack-fruit tree.) 

Vern, Names : Phannas (Hind.); Panasa (Tel.). 

Habitat: Grown in gardens for its fruit. It has a strong 
and sweet odour. 

Uses : The fruit is delicious but not wholesome, very nutri¬ 
tive but difficult to digest. The root is used internally in 
diarrhoea. The juice of the plant is applied externally to 
glandular swellings and abscesses. The leaves are an antidote 
to snake-poison ; also used in skin diseases. 

301. Artocarpus incisa Linn., Cooke, FI. Bomb. Pres,, II, 
Pt. IV, p. 658. (Bread-fruit tree.) 

Habital: It is a native of Pacific Islands, and is common at 
Hyderabad. 

302. Cannabis sativa Linn., F.B.I,, V, p. 487. (Hemp.) 

Vem, Names: Charas, Bhang, Odnjd (Hind.); Ganjari- 
chettu, Oanjah (Tel.). 

Habitat: Cultivation of this plant is restricted by special 
legulations, Owing to its narcotic properties. 

Uses : Charas, the narcotic resinous substance, which 
appears on the stems and inflorescence collected chiefly from 
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cultivated female plants, is smoked as an intoxicant (often 
after mixing it with tobacco). Bhdng consists of the dried leaves 
and flowers. Along with almonds, milk, cardimum, sugar, etc., 
it makes a delicious and intoxicating favourite drink. Odnjd 
is the name given to the dried flowering tops of the cultivated 
female plants. Both Bhang and are mixed with tobacco 

and smoked as intoxicants. The male plant yields the fibre. 
Hemp seeds are edible and a favourite food of the cage-birds. 
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Abnooa, 67. 

Adanti (Mar.), 39. 

Advi-maUe (Tel.), .57. 

A feun (Arabic), 17. 

Aflm (Hind.), 17. 

Ak, 61. 

Akas-nim (Hind.), 68. 

Alshi (Mar.), 23. 

Alai (Hind.), 23. 

Ilu (Hind.), 64. 

Alu-gudda (Tel.), 64. 

Am (Urdu), 31. 

Am (Hind.), 31. 

Amaltaa (Hind.), 39. 

Amha (Persian), 31. 

Ambada (Hind.), 20. 

Ambliy (Arab.), 76. 

Amelah (Pera.), 76. 

Amli (Hind.), 41. 

Amoti (Hind.), 25. 

Amrood (Hind.), 46. 

Amwa^t, 31. 

Aimpa-kai (Teh), 49. 

Anar (Hind.), 48. 

Anduk (Hind, and Mar.), 28. 
Anduku (Tel.), 28. 
Angur-ki-bel, 30. 

Anjan (Hind.), 40. 

Anjir (Hind.), 79. 

Anvala (Mar.), 76. 

Aorda (Hind.), 76. 

Arand (Hind.), 78. 

Ardanda (Hind.). 19. 

Arhar (Hind, atid Mar.), 36. 
Arita (Mar.), 30. 

Aaan (Hind.), 46. 

Aahok, 41. 

Aahoka, 16. 

Aahaiphal (Hind.), 16. 

Aaok, 16. 

Ataai (Tel.), 23. 

Avalo (Tel.), 18. 


B 

Badl (Hind.), 27. 
Bael^phal (Hind.), 27. 
Babul (Hind.), 42. 
Bai-barang (Hind.), 56. 
Baingan (Hind.), 66. 
Bagra, 14. 

Bakar (Mar.)^ 63. 


Banda-jivi (Tel.), 80. 
Ban-RUha (Hind,), 43. 
Banyan, 78. 

Baobab, 10, 22. 

Bappayi (Tel.), 49. 

Bara gokhru (Hind.), 69. 
Bam nimbu (Hind.), 26. 
Bar-gondni (Hind.), 63. 
Bastard cedar, 28. 

Bastard Sandal, 24. 

Batabi libu (Ben>g.), 27. 
Bead-tree, 28. 

Beerkai (Tel.), 60. 

BeZa (Mar.), 67. 

Belambu (Hind.), 26. 

Benda kaya (Tel.), 19. 

Ber (Hind, and Mar.), 29. 
Bhang (Hind.), 80, 81. 
Bhelwa (HindJ), 31. 
Bhendi-ka-Jbar (Hmd.), 21. 
Bhendy tree, 21. 

Bhilava (Urdu), 31. 

Bhindi (Hind.), 19. 
Bhui-mung (Mar.), 37. 
Bihua (Tel.), 31. 

Bidhclm (Hind.), 70. 

Bilati mung (Beng.), 37. 
BUimbi (Hind.), 26. 
BiUa-ganeru (Teh), 59. 
Bilvapandu (Teh), 27. 

Black Mustard, 18. 

Blood Berry, 74. 
Bodanta-chettu (Teh), 42. 
Boddu-pavili^kura (Teh), 19. 
Bokur (Mar.), 63. 
Boma-medi (Tel.), 80. 
Bonnet-flower, 49. 
Botu-mcUU (Teh), 57. 

Bread fruit tree, 80. 

Brinjal, 66. 

Buda-durmi (Teh), 47. 
Bullock’s Heart, 16. 
Bund-gobhi (Hind.), 28. 

Bur (Urdu), 78. 

Burga (Teh), 22. 

Surged (Urdu), 78. 

Buruga (Tel.), 22. 

BiR (Hind.), 38. 

But-mogra (Hind.). 57. 

C 

Cabbage, 18. 

Cajuputa (Mar.), 47. 
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Cardimum, 47. 

Carrot, 53. 

Caahew^nut tree, 32. 

Castor-oi) plant, 78. 

Cateohu, 43. 

Cauliflower, 18. 

Chakotra {Hind,), 27. 

Chaksu (Hind.), 40. 

Chakunda, 40. 

Chambeli {Hind,), 57, 68. 
Champa {Hind,), 16. 

Ghana {Hind,), 38. 

Chandan {Hind,), 76. 

Changel {Td,), 38. 

Chapalaend {Hind.), 61. 

Charas {Hind,), 80. 

Charayetah {Hind.), 70. 

Chhola {Beng.), 38. 

Chichola {Mar,), 44. 

Chiok-pea, 38. 

Chiku, 56. 

Chilly, 67. 

China-bux {Hind.), 40. 

Chmangi {Tel.), 48. 

Chindra sinduri (Tel.), 78. 
Chinna-neredu {Tel.), 47. 

Chinta {Tel.), 41. 

Chtraita {Hind.), 70. 

Chit-mH {TeL), 53. 

Chitz {Mar.), 41. 

Choi-moi {Hmd.), 42. 

Chooka {Hind.), 74. 

Chola Kulfa {Hind.), 63. 

Chvka {Hind.), 74. 

Citron, 26. 

Coriander, 62. 

Cotton, 24. 

Crab's eye, 34. 

Cucumber, 61. 

Cucumber tree, 68. 

Custard Apple, 16. 

D 

Dandus {Mar.), 37. 

Danti-ch^ttv {TeL), 20. 

Datura, 25. 

Devadaru {Bengali and TeL), 16. 
Devakasia {TeL), 42. 

Devil’s Claw, 70. 

Dhaiti {Mar.), 48. 

Dhania {Hind.), 52. 

Dhan-phal {Td.), 48. 

Dhan yabu {Tel.), 62. 
Dhutturamu {TeL), 66. 

Diar {Mar.), 16. 

Dikemali {Hind.), 53. 

Dirasan {Tel.), 44. 

Doba-tiga {Tel.), 30. 

Dodder, 64. 

Dorli-ka-phcd {Hind.), 66. 


Drum-stick plant, 32. 
Dudhi {Mar,), 49. 
Dudhia {Hind,), 60. 
Duldundi {Td.), 34. 
Dundilum {TeL), 68. 

E 

Ebony, 76. 

Eda-pandu {TeL), 27. 
Egg plant, 66. 

Elephant Creeper, 64. 
Elka {TeL), 26. 

Erandi {Hind,), 78. 
Erra-gomkaya {TeL), 20. 
Erragurja {TeL), 34. 


Falsa {Hind.), 23. 

Fareed-buti {Hind.), 60. 
Farid-butti {Hind.), 16. 
Fenugreek, 33. 

Fig, 79. 

j Flame Tree, 69. 

Forest Flame, 33. 

‘ Fountain Tree, 60. 

French Bean, 36. 

U 

Oachka {Hind.), 30. 
Oaggeracheftn, 72. 

Odjar {Hind.), 53. 

Oajga {Hind.), 30. 

GamUxpdiga {TeL), 87. 

Ganer {Hin 60. 

Ganja {Hind.), 80, 81. 

Ganjah {Tel.), 80. 
Gan/ari-chettu {TeL), 80. 
Oanneru {Tel.), 60. 

Garga {TeL), 28. 

Oaru {TeL), 28. 

Garuga {TeL), 28. 

QatchLkai {TeL), 30. 

Ghagri, 32. 

Ghiya-turai {Hind.), 40. 
Qhongu-kura {TeL), 20 
Qiloe {Hind,), 16. 

Gogu {TeL), 43. 

Gokru {Hind.), 24. 
Gold-mohur tree, 30. 
GoUkaddu {Hind.), 50. 

Gondni {Hind.), 6.3. 
Oonik’Chintz {Mar.), 22. 
Gorakdmli {Hind.), 10, 22, 44. 
Gram, 38. 

Grape Vine, 30. 

Green Champa, 16. 

Guava tree, 46. 

Gidab {Hind.), 44. 
GtUab-Jamun {Hind.), 47, 
Oulancha {Beng.), 16. 
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Gular {Hind.), 79. 
Qid-M (Hind.), 16. 
Otd-daoodi (Hind,), 5.5. 
€hd4~Abb<i8, 73. 
OtU-i-Mehndt, 26. 
Oul^mohr (Hind.), 39. 
Oul-tora (Hind,), 38. 
Gumchi (Hind.), 34. 
Gumididiga (Teh). 37. 
Gurhul (Hind.), 20. 
Gurmala (Mar.), 39. 
Gu8va-guUi (TeL), 63. 


H 

Harsingar (Hind.), 58. 
Hattian (Hind.), 22. 
Hatfi-kcUfian (Hind.), 22. 
Hemp. 80. 

Hena (Pera.), 48. 
Her/areuri (Hind.), 76. 
Heuyar (Mar.), 43. 

Hijjul (Hind.). 46. 
Horse-radish tree, 32. 
Hulhul (Hind.), 18. 


I 

lUiiM (Hind.), 47. 

(Hind.), 41. 

Inderjau (Hind.), 60. 

Indian Almond tree, 45. 

IndiaM Coral, 35. 

Indian Cork tree, 68. 

Indian Cotton, 21. 

Indian Gum-Arabic tree, 42. 
Indian Laburnum, 39 
Indian Purslane, 19. 

Indian Rubber tree, 79. 
Ippi^chettn (Tel.), 56. 

Istnn-pnla (Tel.), 60. 

J 

Jack-fruit tree, 80. 

Jaji (Tel.), 48. 

Jam (Hind.), 46. 

Jama Kaya (Tel.), 46. 

Jamal gofa (Hind, and Mar.), 77. 
Jamapandu (Tel.), 46. 

Jambul (Mar.), 46. 

Jamun (Hind ), 46. 

Jangli-anar (Hind.), 31. 
Jangli-hadam (Hind.), 45. 
Jangli-erandi (Hind.), 77. 

Jangli Mogra (Hind.), 58. 
Jimgli-rai-cnn (Hind.), 74. 
Jasmine, 57. 

Jtuoon (Hind.), 20. 

Jasund (Hind.), 20. 


Jaavan (Mar.), 20. 

Jawar, 14. 

Jhoomko lota (Bang.), 49. 
Jidi mamadi (Tel.), 32. 
Jinna (Tel.), 46. 

JU-eggi (Tel.), 36. 

Jive (Tel.), 80. 

Juvi (Tel.), 80. 

K 

Kach-kuri (Hind.), 34. 
Kachnar (Hind.), 41, 42. 
Kadami (Tel.), 46. 

KaddM (Hind.), 49. 

Kaf J‘darya (Pera.), 64. 
Kaiaar (Mar,), 58. 

Kaitha (Hind.), 26. 

I Kaju (Urdu), 32. 
Kakara-chettu (Tel.), 50. 

Kala dhalura (Hind.), 66. 
Kala inderjau (Hind.), 60. 
Kali rai (Hind.), 18. 

Kali-kai (Tel.), 69. 

Kali fulai (Hind.), 72. 

Kali ziri (Hind.), 54. 

Kamal (Hind.), 17. 
Kamaranga (Beng.), 25. 
Kamba (Hind.), 47. 

Kambali (Tel.), 78. 

Kamela (Hind.), 78. 

Kamrakh (Hind.), 24. 
Kamunni (Hind.), 65. 
Kanchan (Mar.), 42. 
Kanchani (Tel.), 41. 
Kanchi-pundu (Tel.), 65. 
Kanda-gadda (Tel.), 63. 
Kandulu (Tel.), 36. 

Kangain (Mar.), 59. 

Kanghi (Hind.), 23. 

Kangu (Tel.), 37. 

Kanfa-Sair (Mar.), 22. 

Kante mat (Hind.), 73. ^ 
Kantikari (Beng.), 65. 

Kanval (Hind.), 17. 

Kanwail (Mar.),, 29. 

Kapaa (Hind.), 21. 

Kapua (Mar.), 21. 

Karanj (Hind, and Mar.), 37. 
Karaun^ (Hind.), 59. 

Karela (Hind.), 50. 

Karinga (Tel.), 63. 

Kannal (Hind.), 24. 
Karomonga (Tel,), 24. 

Karaha (Td.), 68. 

Kat-gtdaria (Hind.), 80. 
Kalhtha (Hind.), 43. 

Katti-bel (Hind.), 30. 
KattU‘dugi (Mar.), 40. 

Kawat (Mar.), 26. 

Kaweet (Hind,), 26. 
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Khair {Hind, and Mar,), 43. 
Khair-ehampa {Hind,), 50. 

Khahai {Mar,), 34. 

Khatta nimbu {Hind,), 26. 
KhaUe'Chavai-ki-bht^i {Hind.), 10. 
Khira {Hind,), 51. 

Khimi {Hind,), 66. 

KhoHi {Mar,), 77. 

Khwbuxa {Hind.), 50. 

Kharja {Hind,), 10. 

Kidney Beazi» 36. 

Kikair {Hind.), 42. 

Kiwaoh {Mar,), 34. 

Knohkhol, 18. 

KohX-rabi, 18. 

Kola-nmka {Tel,), 60. 

Kooneh {Beng,), 

Kori {Tel.), 53. 

Karivi {Tel.), 53. 

Kotmir {Hind.), 52. 

Kuari, 40. 

Kuchla {Hind.), 62. 

Kuda {Tel.), 66. 

Kukka-tulasi {Tel.), 71. 

Kukudu {Tel,), 30. 

Kidja {Hind.), 19. 

KuUhi {Hind.), 35. 

Kun {Mar.), 30. 

Kungain {Mar.), 23. 

Kunti {Mar.), 26. 

Kuppai-chetfu {Tel.), 77. 

Kuppi {Hind.), 77. 

Kusar {Mar.), 58. 

Kumimh {Hind.), 30. 

Kutia {Beng.), 65. 

Kutla {Htnd.), 26. 


L 

Lady's finger, 19. 
Lajwanti {Hind.), 42. 
Ldl dlu {Hind.), 63. 
Ldl’Ambada {Hind.), 20. 
Ldl-imli, 44. 

Mirch {Hind.), 67. 
Lamra {Hind.), 63. 
Lauki {Hind,), 49. 
Lemon, 26. 

Lentil, 38. 

Lima Beem, 35. 
lAmu {Hind.), 26. 

Loha {Hind.), 36. 

Ldbha {Hind,), 36. 
Lchiya, 35. 

Lokhandi {Mar.), 20. 
Lumbar (Hind.), 80. 

M 

Madanmast {Hind,), ) 6. 
Mjaddi {Tel.), 45. 


Madhavi {Mar.), 24. 

MadhavUata {Hind.), 24. 

Madhavi tige {Tel.), 24. 

Maida-aku {Tel.), 48. 

Maida-lakri {Hind, and Mar.), 74, 
76. 

Maiz, 14. 

Makoi (Hind.), 65. 

Mamadi {Tel.), 31. 

Mamphal {Hind.), 16. 

Mango tree, 31. 

Margosa tree, 28. 

Marking-nut tree, 31. 

Maah {Hind,), 36. 

MashcU-kn-ihar (Hind.), 53. 

Maaur {Htnd.), 38. 

Matar (Hind.), 38. 

Medi (TeZ.), 79. 

Mehndi {Hind,), 48. 

Mentulu {Tel,), 33. 

Methi {Hind.), 33. 

Milk bush, 76. 

Mint, 72. 

Mirpa {Tel.), 67. 

Mitha nimbu {Hind.), 26. 
Modu-qaner {Tel.), 59. 

Modugu {Mar.), 33. 

Mogra {Hind.), 67. 

Mokua {Hind, and Mar.), 56, 75. 
Mokhah {Tel.), 59.^ 

Molftari {Hind.), 65. 

Monnkkat {Htnd.), 30. 
Monkey-bread tree, 10, 22. 

Mooli (Hind.), 18. 

Morvnga {T-J), 32. 

Mothaairas {Mar.), 44. 
Mothe-gokharu, 60. 

Motia {Hind.), 57. 

Mtdam-pandu {Tel.), 50. 

Mulberry, 78. 

Muli-gadda {Tel.), 18. 

Mullangi {Tel.), 18. 

Mundi (Hind.), 55. 
Mundlaburaga^cheliu {Tel.), 22. 
Mung {Hind.), 36. 

Munga {Tel.) 32. 

Mungai {Mar.), 32. 

Mung-phalli {Hind.), 37. 

Murad {Hind.), 47. 

Muahti {Tel.), 62. 


N 

Nag-phanni {Hind, and Tel,), 61, 
Nalla doggali {Tel.), 73. 
l^dlla tiga {Tel.), 61. 

NaUa tuma {Tel,), 42. 
NaU-ummetta {Ted.), 66. 
NaU‘Vavili {Tel), 70. 

Nara-chettu {Tel), 75. 
Narangapandu (Tel.), 27. 



86 


M. SAYSSDUD-DIN 


[VOL* I, 


Narangi (Hind,), 27. 
Narra-ma-midi (Tel.), 75. 
Neem {Hind.), 28. 
Nehvemu (Tel,), 70.. 
Nepala vitna (Td.). 77. 
Neredu {Tel.), 46. 
Niala-Tangedu {Tel.). 40. 
NUa-eanagalu {Tel.), 37. 
Nima-pandu {Tel.), 26. 
Ni/mhay {Mar.), 28. 
Nimbu {Hind.), 26. 
Nimtna-pandu {Tel.), 26. 
Nux vomica tree, 62. 


() 

Oleander, 60. 

Oodi-sha^alu {Hmd.), 70. 
Ood-ka-jhar, 44. 

Opium Poppy, J7 
Orange, 27. 

P 

Pagadarn {Tel.), 48. 

Pagoda Tree, 59. 

Pala-gwrji {Tel.), 62. 
PaUi’Kordaha {Tel.), 60 
Palak {Hind,), 74. 

Palak Bhaji {Mar.), 74. 

Palang {Beng.), 74. 

Palos {Hind.), 33. 

Palia-chmta {Tel.), 25. 
Pampenachettu {Tel.), 68. 
Panasa {Tel.), 80. 

Pangra {Hind.), 35. 

Pangri {Mar.), 35. 

Pani-hel {Hind.), 30. 
Pan-Jambul {Mar.), 47. 

Pan ki-hel {Hind.), 74 
Papai {Hind.), 49. 

Papita {Hind.), 49. 

Papiya {Hind.), 49. 
Paras-pipal {Hind.), 21, 
Pasarganni {Tel.), 37. 

Pasai tiga {Tel.), 64. 

Pedda-ari {Tel.), 41. 

Pedda Irki {Tel.), 63. 
Pedda-marri {Tel.), 78. 

Pedda Nima-pandu {Tel.), 26. 
Pedda-palleru {Tel.), 69. 
Peddapavilikura {Tel.), 19. 
Peepul {Hind.), 79. 

Peepul tree, 79. 

Penda {Tel.), 19. 
Pendli-gummadikaya {7'el.), 50, 
Persian Lilac, 28. 

Peiha {Hind.), 50. 

Peyditangedu {Tel.), 38. 
Phannaa {Hind.), 80. 
Phool-gobhi (Hind.), 18. 


Phutiki {Tel.), 23. 
Phut-kakri (Hind.), 51. 
Pila dh/xlwra (Hind.), 17. 
PUa ganer (Hind.), 61. 
Pilee ehcmbeli {Hind.), 58. 
Pipli (Hind.), 80. 
PUa-kanda (Tel.), 53. 
Podali-manu (Tel.), 43. 
Pogako (Tel.), 67. 
Pomegranate, 48. 

Pomelo, 27. 

Portia tree, 21. 

Potato, 64. 

Pratti (Tel.), 21. 
Prickly-pear, 51. 

Pudina (Tel.), 72. 

Pudinah {Hind.), 72- 
Pulaa {Tel.), 33. 

Ptda tiga {Tel.), 30. 
Puli-vailu {Tel.), 31.. 
Purging Cassia, 39. 

Puaku {Tel.), 30. 


H 

Radish, 18. 

Ragi {Tel.), 79. 

Rai {Hind.), 18. 

Balkan {Arab.), 72. 

Ramphal {Hmd.), 15. 
Ramaitapalam {Tel.), 15. 
Ramdulsi {Hmd.), 71. 
Rangoon creeper, 45. 

Ratalu {Hind.). 63. 

Hatti {Hind.). 34. 

Ravaain {Hind, and Tel.). 34. 
Ravaaing {Hind, and Tel.), 34 
Regu-pandu {Tel.). 29. 

Riala {Tel.), 39. 

Ritha {Hind.). 30. 

Rose apple, 47. 

Roselle, 20. 

Rose wood, 36. 
Rubber-ka-jhar {Hind.), 79. 
Rndra-jeda {Tel.). 72. 

Rui {Hind.), 21. 


Sabza (Hind,), 72. 
Sada-bahar {Hind.), 59. 
Sadada {Mar,), 45. 

Sadaf {Hind.), 26. 

Sadapa (Tel.), 26. 

Sajed babul (Hind.). 43. 
Safed dhcdura (Hind.), 66. 
8afed kaddu (Hind.), 51. 
Safed kikar (Hind.), 43. 
Safed murgha (Hind.) 73. 
Safed aemul (Hind.), 22. 
Safed tulai (Hind.). 71. 
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Sajed zira (Hind,), 53. 

Sagtoan (Hind*), 71. 

Saigcd (Mar*), 32. 

Sainga (Mar.), 32. 

8aj (Mar*), 46. 

8akar nirnbu (Mar.), 26. 

Scdai (Hind, and Mar*), 28. 
Salu (Beng.), 17. 
8(Mmandar-ka‘p€U (Hind.), 64. 
8ainandar-eok (Hind.), 64. 
8ampangi (Tel.), 16. 
Sanwdra-pcda (Tel.), 64. 
Sandal (Hind.), 76. 
Sandal-wood tree, 76. 

Sankeaar (Hind*), 39. 
SankeatUa (Tel.), 39. 

Santara (Hind.), 27. 
Sarmandar-phcU (Hind.), 46. 
Sausage tree, 68. 

Sehnd (Hind.), 76. 

Sem (Hind.), 36. 

Semul (Hind.), 22. 

Senagaloo (Tel.), 38. 

Sendur (Hind.), 78. 

Sensitive plant, 42. 

Seonti (Hind.), 65. 

Seoti (Hind.), 66. 

Sepiatan (Pera.), 63. 

ShahlUt (Urdu), 78. 
Shakkurkund (Hind.), 63. 
Shalgam (Hind.), 18. 

Shnmeula (Mar.). 22. 

Shaljam (Hind.), 18. 

Sharbati nimbu (Hind.), 26. 
8karifa (Hind.), 15. 

Sharmindi (Hind.), 42. 

Shevarl (Mar.), 34. 

Shindur (Mar.), 78. 

Shira^h (Hind.), 44. 

Shiriah (Sana.), 44. 

Shirola (Mar.), 50. 

Shiaham (Hind, and Mar.), 36. 
Shoe-Flower, 20. 

Sial-kanta (Beng.), 66. 

Sike-kai (Hind, and Tel.), 43. 
Silk Cotton Tree, 22. 
Simachinta (Tel.), 22. 
Sima^aankeaula (Tel.), 39. 
8ifna-tuma (Teh), 39. 

Singri, 18. 

8iraa (Hind.), 44. 

8irimonta (Mar.), 34. 

Siria (Hind.), 44. 

Siaao (Hind.), 37. 

8iaau (Mar.), 36. 

Siam (Mar.), 37. 

SUapalam (Tel.), 15. 

Sitaphal (Hind.), 15. 
Snapdragon, 68. 

Soagna (Beng.), 32. 

Soap-Nut tree, 20. 


8oazna (Hind.), 32. 
8ompa (Teh), 62. 
Sopara (Teh), 37. 
Sorrel, 74. 

Sour lime, 26. 
SouT-sop, 16. 

Sowa (Hind.), 52. 
Soya (Hind*), 62. 
Strychnine tree, 62. 
Sundra (Tel.), 43. 
Sungur-tiga (Teh), 29. 
Sweet lime, 26. 

Sweet potato, 63. 
Swertia Chirata. 70. 


T 

TamaUpakoo (Teh), 74. 

Tamarind, 41. 

Tambaku (Hind.), 67. 

Tangedu (Teh), 40. 

Ttm^er’s Cassia. 40. 

Tarwar (Hind.). 40. 

Teku (Teh), 71. 

Tella-tuma (Tel.), 43. 

Tella-varjan (Teh), 35. 

Temple Tree, 59. 

Tiger’s Claw, 70. 

Til (Hind.), 69. 

Tippa tiga (Teh), 16. 

Tiwar (Mar.), 46. 

Tobacco, 14. 

Tobacco Plant, 67. 

Tomato, 67. 

Torai (Hird.), 38. 

Torch Tree, 64. 

Tulaai (Teh), 72. 

Tulip, 21. 

Tulal (Hind.), 72. 

Turai (Hind.), 50. 

Turang (Hind.), 26. 

Turbuz (Hind ), 51. 

Turnip, 18. 

Tuvar (Hind, and Mar.), 36. 

Tiil (Urdu), 78. 

ir 

JJmmetta (Teh), 66. 

Unnab (Arabic), 29. 

Urud (Hind.), 36. 

Uahlm-i’hindi, 62. 

V , 

* Vada ganneru (Teh), 59. 

VUaycUi baingan (Hind.), 61. 
Vilayaii kangoi-ka-jhar (Hind.), 21. 
Vilayati kikar (Hind.), 39. 

Vilayati mehndi (Hind.), 47. 
Vilayati mung (Hind.)* 37. 
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V^yaU vahmdi {Mar.), 61. Wood apple, 26, 

VUwnbi {Ttl,), 25. Wundt'tnofui {Mar.), 48. 


W 

Waukumbha (Mar.), 47. 
Wajinika (Tei.), 76. 
Wankailu (Tel.), 66. 
Water Lily, 17. 
Water-melon, 61. 
Wheat, 14. 

White Bauhinia, 42. 
White gourd-melon, 60. 
White pumpkin, 60. 


Yapa {Ta.), 28. 
Yellow Jaimine, 68. 
Yellow Oleander, 61. 
Yeppa {Tel), 40. 


Zakhm-Uhyat (Hind.), 46. 
Zira (Hind.), 63. 



Index to the Scientific Names of the Hyderabai 
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A 

Abrus precatorius, 34. 

Abiitilon indicum, 23. 

Acacia arabioa, 42. 

Acacia Catechu, 43. 

Acacia concinna, 43. 

Acacia leucophlea, 43. 

Acalypha indica, 77. 

Acalypha marginata, 77. 
Acanthacese, 70. 

Achres sapota, 66. 

Adansonia digitata, 10, 22. 

Adina oordifolia, 54. 

Aegle MarmeloR, 27. 

Albizzia Lebbek, 44. 

Allamanda catharfcica, 61. 
Amarantaceflp, 73. 

Amarantus spinosus, 73. 
Ampelideap, 30. 

Anacardiaceflp, 31. 

Anacardium occidentalo, 32. 
Andrographis panioulata, 70. 
Anonacea>, 15. 

Anona muricata, 16. 

Anona reticulata, 15. 

Anona squamosa, 15, 75. 
Antirrhinum Majus, 68. 
ApocynaceaE', 59. 

Arachis hypogsea, 37. 

Argemone mexicana, 17. 
Argyreia speciosa, 64. 

Artabotrys Odoratissimus, 16. 
Artocarpus incisa, 80. 

Artocarpus integrifolia, 80. 
Asclepiadew, 61. 

Averrhoa Bilimbi, 25, 

Averrhoa Carambola, 24, 25. 
Azadirachta indica, 28. 

B 

Balsamodendron Mukul, 27. 
Barleria cuspidata, 70. 
Barringtonia acutangula, 46. 
Bassia latifolia, 56, 75. 

Bauhinia acuminata, 42. 
Bauhinia purpurea, 42. 

Bauhinia tomentoaa, 41, 42. 
Bauhinia variegata, 41, 42. 
Beaumontia grandiilora, 61. 
Benincasa cerifera, 50. 
Bignoniacesc, 68. 

Boerhaavica difluBa, 73. 

( 


Bombax malabaricum, 22. 
Bougainvillea glabra, 73. 
Bougainvillea spectabillis, 73. 
Boraginacese, 63. 

Boswellia serrata, 28. 

Botrytis, 18. 

Braasica nigra, 18. 

Brassica oleracea, 18. 

Brassica Rapa, 16. 

Bryophyllum calycinum, 45. 
Burserace», 27. 

Butea frcnidosa, 33. 

V 

Cactefe, 51. 

Cactus, 71. 

CsBsalpinia Bonducella, 39 
Caesalpinia pulcherrima, 3S. 
Cajaims indieus, 36, 

Calotropis gigantea, 61. 
Cannabis sativ'a, 80. 

Canthium didymum, 54. 
Canthium parviflorum, 54. 
Capitata, 18. 

Capparidesp, IS. 

Capparis horrida, 19. 

Capsicum In tescens, 67. 
Caralluma attenuata, 62. 

Carey a arborea, 47. 

Carica Papaya, 49. 

Carissa Carandas, 59. 

Carissa spinarum, 59. 

Cassia Absus, 40. 

Cassia auriculata, 40. 

Cassia Fistula, 39. 

Cassia siamea, 40. 

Cassia Tora, 40. 

Caulorapa, 18. 

CelastrineBB, 29. 

Celosia argentea, 73. 
Chenopodiaceap, 74. 
Chrysanthemum coronarium, 56. 
Chrysanthemum indicum, 55. 
Cicer arietinum, 38. 

Citrullus vulgaris, 51. 

Citrus acida, 26. 
pjitrus Aurantium, 27. 

Citrus decumana, 27. 

Citrus Limetta, 26. 

Citrus Limonum, 26. 

Citrus me^ca, 26, 

Cleome viscosa, 18. 

Coccinia indica, 51 

89 ) 
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CooculuB villoSUB, 16. 

.Coffea arabica, 54. 
Combretaceffi, 45. 

Compositflp, 54. 

CJonvolvnlaceae, 63. 

Convolvulus arvonsie, 64. 
Cordia Myxa, 63, 75, 

Cordia Rothii, 63. 

Coriandrum sativum, 52. 
Crassulacese, 45. 

Crotalaria labumifolia, 33. 
Crotalaria sericoa, 33. 

Crotalaria retusa, 32. 

Croton Tiglium, 77. 

Cruciferae, 18. 

Cryptostegia grandiflora, 61. 
Cucumis Melo, 50. 

Cucumis Momordica, 51. 
Cucumis sativus. 51. 
Cuctu'bitaoesB, 49. 

Cucurbita Pepo, 51. 

Cuminum C 3 ^inum, 53. 
Cusouta rofloxa, 64. 

D 

Dull>ergia lanooolaria, 37. 
Dalbergia latifolia, 36. 
Dalbergia paiiiculata. 37. 
Dalhorgia «Si8so, 37. 

Dalbergia volubilis, 37. 

Datura alba, 66. 

Datura fastuosa, 66. 

Dauous Carota, 53. 

Diospyros melanoxylon, 57, 75. 
Dolichos bifforus, 35. 

Doliehos lablab, 35, 36. 
Dodoiuoa viscosa, 31. 

Duranta plumieri, 71. 

E 

Ebeiia(jeHP, 57. 

Ernbolia ribos, 55. 

Eriodondron aiifractuosum, 22. 
Erythrina indica, 35. 
Erythroxylou monogynum, 24. 
Eucalyptus globulus, 47. 
Eugenia Hoynoana, 47. 

Eugenia jaml>olana, 46. 
Eugenia jambos, 47. 
Euphorbiacese, 76. 

Euphorbia heterophvlla, 76. 
Euphorbia pulcherrima, 76. 
Euphorbia Tirucalli, 76. 

Evolvulus alsinoides, 64, 

F 

Feronia elephanturn. 26. 

Ficus bengalensis, 78. 


Ficus Carica, 79. 

Ficus elastica, 79. 

Ficus glomerata, 79. 

Ficus hispida, 80. 

Ficus infectoria, 80. 

Ficus religiosa, 79. 

G 

Gardenia florida, 54. 

Gardenia gummifera, 53. 
Gardenia latifolia, 54. 

Gardenia lucida, 53. 

Gardenia turgida, 54. 

Garuga pinnata, 28. 

Geraniacefif, 24. 

Gossypium barbadense, 21. 
Oossypium herbaceum, 21. 
Grewia asiatica, 23. 

Grewia pilosa, 23. 

Grewia populifolia, 23. 

Grewia salvifolia, 23. 

Grewia tilisofulia, 23. 
Gymnosporia montana, 29. 

H 

Hamiltonia suaveolens, 54. 
Hardwickia binata, 40. 
HoUotropium curassavioum, 63 
Hemidesmus indicus, 62. 
Hibiscus cannabinus, 20. 
Hibiscus esculeiitus, 19. 

Hibiscus rosa-sinensis, 20. 
Hibiscus sabdarifFa, 20. 

Hibiscus syriacus, 20. 

Hiptage Madablota, 24. 
Holarrhena anti-dysenterica, 60. 
Holosteinma Rheedei, 62. 
Hymenodictyoii ©xcelsum, 54. 
Hymenodictyon obov’atum, 54. 

I 

Ichnocarpus fnitescens, 61. 
Tmpatiens Balsamnia. 25. 
Ipomcea Batatas, 63. 

Ipomcea hederacua, 64. 

Ixora nigricans, 54. 

Txora parviflora, 53. 

J 

Jasminum arborescens, 58. 
Jasminum dispermum, 58. 
Jasminum Grandiflorum, 58.. 
Jasminum humile, 58. 
Jasminum Oibcinale, 57. 
Jasminum pubescens, 57. 
Jfisminum Sambac, 57. 
Jatropha glandulifera, 77. 



1935] COMMON FLOWEBINO PLANTS OF HYDERABAD STATE 91 


Justicia Betonica, 70. 

Justicia Gendarussa» 70. 

K 

Kigelia pinnata, 68. 

L 

Labiatse, 71. 

Lagenaria vulgaris, 49. 
Lagerstroeinia indioa, 49. 
La^rstroemia parviflora, 48. 
Lantana Camara, 71. 
Lauracese, 74. 

Lawson ia alba, 48. 
Leguminosse, «32, 38, 42. 

Lens eseulenta, 38. 
Lepidagathis cristata, 71. 
Lindenbergia urticaefolia, 68. 
Linesp, 23. 

Ligiistrum neilgherrenso, 69. 
Linum usitatissimum, 23. 
Litssea polyantha, 74. 

Litssea aebifora, 75. 

Loganiacesp, 62. 

Loranthcu^eae, 75. 

Loranthua longiflorus, 75. 
Loranthus scuirula, 76. 

Luffa aeutangula. 60. 

Luifa aegyptiaca, 49. 
Lycopersicum eaculentinn. 67. 
Lythracew, 48. 

M 

Magnoliacesp, 16. 

Mallotus philippinensis, 78. 
Malpighiaceee, 24. 

Malvacosp, 19. 

Malva sylvestris, 21. 
Mangifera indica, 31. 
Martynia diandra, 70. 
Melaleuca leucadendron, 47. 
Melia Azadirachta, 76. 

Melia azedarach, 28. 
Meliaceee, 28. 

Menispermacese, 16. 

Mentha viridis, 72. 

Michelia ohampaca, 16. 
Millingtonia hortensis, 68. 
Mimosa pudica, 42. 
MimoBoidesB, 42. 

Mimusops Elengi, 66. 
Mimusops hexandra, 66. 
Mirabillis Jalapa, 73. 
Momordica Charantia, 60. 
Morinda tinctoria, 64. 
Moringa pterygosperma, 32. 
MoringesB, 32. 

Morus indica, 78. 


Mucima pruriens, 34. 

Murraya exotica, 26. 
Myrsineea, 65. 

Myrtaceae, 46. 

Myrtus communis, 47. 

N 

Nerium odorum, 60. 

Nicotiana plumbaginifolia, 67. 
Nicotiana Tabacum, 14, 67. 
Nux vomica, 62. 

Nyctaginese, 73. 

Nyctanthes Arbotristis, 68. 
N3miph8eacese, 17. 

N 3 miph 8 ca Lotus, 17. 

O 

Ociiniim Basilicum, 72. 
Ocimum canum, 71. 

Ocinum gratissimiim, 71, 72. 
Ocinum sanctum, 72. 

Oleaceee, 67. 

Opuntia Dillenii, 51. 

Oroxylon indicum, 68. 

Oxalis comiculata, 25. 


Papaveraceas, 9. 

Papaver somniferum, 17. 
Parkia biglandulosa, 44. 
Parkinsonia aouleata, 39. 
Passiflora ^iietida, 49. 
Passidoracese, 49. 

Pavetta indioa, 64. 
PedalinoBB, 69. 

Pedalium Murex, 69. 
Peiiiiisetum typhoideum, 14. 
Pcucedanum graveolens, 62. 
Phaseolus lunatus, 36. 
PhaseoluB mungo, 3 P 
Phaseolus radiatus, 36. 
Phaseolus vulgaris, 36. 
Phyllanthus distiohus, 76. 
Phyllanthus Emblica, 76. 
Phyllanthus Niruri, 77. 
Phytolaccaoese, 74. 
Piperace«e, 74. 

Piper betle, 74. 

Pisum sativinn, 38. 
Pithecolobium dulce, 10, 44. 
Pl\imeria acutifulia, 69. 
Poinciana elata, 39.* 
Poinciana regia, 39. 
Polyalthia longifolia, 16. 
PolygonacefiB, 74. 

Pongamia glabra, 37. 
Portulaca oleracea, 19. 
Portulaca quadrifida, 19. 
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PortulaoecD, 19. 

Piidium guyava, 46, 75. 
Ptmioa granatum, 48, 75. 

Q 

Quisqualis indica, 45. 

R 

Randia dumetorum, 54. 
Randia malabarioa, 54. 
Randia nliginosa, 54. 
Raphanus sativus, 18. 
Rhamneae, 29. 

RioinuB communis, 78. 
Rivinia humilis, 74. 
Rosacese, 44. 

Rosa damauscena, 44. 
Rubiacese, 53. 

Rumex vesicarius, 74. 
Rutaceea, 26. 

Ruta graveolens, 26. 

S 

Salvia farinacea, 72. 
Santalaceae, 75. 

Santalum album, 75. 
Sapindaoeae, 30. 

Sapindus laurifolius, 30. 
Sapotaceae, 56. 

Saraca mdioa, 16, 41. 
Schleiohera trijuga, 30. 
Sohrebera swietenioides, 69. 
Scrophularineae, 68. 
Semeoarpus amaoardium, 31. 
Sesamum indicum. 69. 
Sesbania aegjrptiaca, 34. 
Solanaceae, 64. 

Solanum Melongena, 65. 
SoUnum nigrum, 65. 
Solanum tuberosum, 64. 
Solanum verbasoifolium, 66. 
Solanum xanthooarpum, 65. 
Soighum vulgare, 14. 
Spathodea oaunpanulata, 69. 
Sphasrantbus indious, 55. 
Spinacia oleracea, 74. 
Stenolobium stams, 69. 


Stephegyne parvifolia, 54. 
Stryohnos Rux vomica, 62. 
Swertia ohirata, 70. 


T 

Tamarindus indioa, 41. 

Tectons grandis, 71. 

Terminaua Catappa, 45. 
Terminalia tomentosa, 45. 
Thespesia populnea, 21. 
Thevetia ner^olia, 61. 

Tiliaoeae, 23. 

Tinospora oordifolia, 16. 
Torenia asiatioa, 68. 

Tribulus terrestris, 24. 
Triohodesma amplexicaule, 63. 
Trichodesma indicum, 63. 
Trigonella FcBnum-grseoum, 33. 
Triticum vulgare, 14. 

IT 

Umbelliferae, 52. 

Urtioaoeee, 78. 

V 

Ventilago madraspatatia. 29. 
Verbenaceae, 71. 

Vemonia anthelmintica, 64. 
Vinca rosea, 59. 

Viscum artioulatum, 75. 

Vitis latifolia, 30. 

Vitis vinifera, 30. 


W 

Webera oorymbosa, 54. 
Woodfbrdia floribunda, 48. 
Wrightia tinctona, 60. 

Z 

Zea Mays, 14. 

Zisyphus, 64. 

ZizyphuB jujuba, 29. 
Zisyphus vulgaris, 29. 
Zygophyllese, 24. 
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A Contribution to Angami and Serna Somatology. 

By Sarabjit Singh. 

(Published with permission oj the Head of the Department of Anthropology, 
Calcvita University.) 

The Angami and the Serna are two of the main tribes 
of the heterogenous naked and semimaked inhabitants of the 
hilly tract to the south of the Brahmaputra valley in the area 
generally known as the Naga Hills. Politically they are grouped 
with a number of other tribes as the Nagas and speak a Tibeto- 
Burman language of the Assam-Burmose Branch, but neither 
this political nor the linguistic grouping coincides with the 
physical features of the different tribes which occupy this area.^ 
In the present paper the relationships of these two Naga tribes 
are discussed so far as they can be deduced by a study of their 
stature, cephalic and nasal indices. 

Our knowledge of the physical characters of the Nagas is 
very meagre, the only metric data available being those of 
Waddell,^ Dixon ^ and Hutton.* Unfortunately, however, 
these data^ are not sufficient for a detailed analysis, as the 
number of individuals measured by all these investigators was 
very small. Dixon includes the Sernas under the brachycephalio 
group in which the Palaealpine (B.H.P.) element is the largest, 
while the Angamis, according to him, are lassed in the dolicho¬ 
cephalic platyrrhine group with a much longer stature.® 
Haddon, on the other hand, found that the dolichocephahc 
platyrrhine element which is dominant among the BJiasis and 
the Kukis, is weakly represented amongst the Naga tribes, and 
remarked that ‘ There is a reason to believe that a Nesiot element 
(dolichocephalic mesorrhine) is strong among the Naga . .. ’ 
Hutton, who based his conclusion on the presence of frizzly 
hair amongst the Angamis, opined that there is a Negrito element 


1 Hutton in his monographs, The Angami Nagas and the Serna Nagas, 
has fully described the habitat, and the topography of the area in which 
these peoples reside. 

* Waddell, ‘Tribes of the Brahmaputra Velley*. Jowm. Asiat. Soc. 
Bengal, Vol. LXIX, Pt. 3 (1901). 

^ Dixon, in Hutton’s The Angami Nagas. Apx>endix Part 1 (1921). 

^ Hutton, The Angami Nagas (1921). Appendix I. 

® Waddell measur^ only 16 Angamis and 8 Sernas ; Dixon measured 
6 Chakrima Angamis. Hutton measured 21 Ohakrima Angamis and 40 
Sernas; in none of these he has taken their stature. 

® Dixon, The Racial History of Man, p. 261 (1923). 

^ Haddon, The Races of Man, p. 116 (1929). 

( 93 ) 
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in this tribe.^ Dudly-Buxton, on the other hand, in his import- 
ant work on the Peoples of Asia asserts that there seems to be no 
evidence of any Negrito blood on the Eastern Erontier of India. 

The data at the disposal of the author are sufficiently 
representative of the Ohaknma group of the Angami and Serna 
tribes for a somatic study. Each sample consists of 100 adult 
individuals above 26 years,* and may be taken as homogeneous 
for all practical purposes. Considering the statistical constants 
of stature, nasal and cephalic indices, the author differs both from 
Dixon and Haddon in considering the Angamis as a medium sta- 
tured, mesocephalic and leptorrhine people. The Sernas also are 
mesocephalic with stature below medium and with a mesorrhine 
nose. In some characters the Serna samples are more variable, 
specially in reference to the stature and nasal index. The high 
figure of nasal indices in both the series suggests a higher inter¬ 
mixture in regard to the form of the nose. The variabilities, 
though sometimes slightly higher than those of other admittedly 
homogeneous materials, are, however, not significantly different. 
A table of standard deviations (S.D.) and the coefficient of 
variation (V.) for stature is given for comparison with aixadmitted 
series of homogeneous data. 


Series* 

S.D. 

V. 

Angami 

.. 4-9 

2-9 

Sema 

.. 60 

3-7 

Frenchmen 

.. 6-47 

3-8 

Kngliah Oiiminals 

.. 6-46 

3*8 

Qennans 

.. 6*08 

40 


iBiometricay Vol. I, 
^ Vol. I, p. 191 (1901). 


The average stature in the case of the Angamis is 166*43 cm. 
which is above the average of the Asiatic Mongols.* The 
average for the Sernas is 1^*30 cm. According to Waddell,^ 
the average stature of the Angamis is 163*9 and of the Sernas 
150*1. Hutton did not take any measurements of height in the 
case of these tribes, apparently because stature is frequently 
looked upon as the direct expression of economic well-being or 
the reverse. Within certain limits this is true, but it has not 
been sufficiently proved that stature is proportionately more 
variable than certain other accepted characters which are used 
in the descriptions of racial types. 

Head form as expressed in cephalic index shows that among 
the Angamis 48% are dolichocephalic, 36% mesocephalic and 


1 Huttgn, Man in India, Vol. VH, pp. 267-262 (1927). ‘ Although 
deoidcKlly uncommon cunong the Angami, Serna . . . tribes 

of even closely curled wooly hair do occur * (p, 258). 

2 The meeusuremwts were teiken according to the method recom¬ 
mended in the Lehrlmch der Anthropologie Martin and with the 
Antbro^matric set designed by P. Hermann, Zurich. 

^ *^6 Asiatic Mongols range above and below 160 and 161 cm. 
approximately. (Sullivan— Anthivp. papers, American Museum of Natural 
H&om Vol. XXra, Pt. 1, p. 82 (1918). 
t Waddell, J6td., pp. 76, 120. 
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17% braohyoephaUc. Among the Sernas 17% are dolioho^ 
oephalio, 46% mesooephalie and 37% brachyoephalic. The 
head in both these series is longer than in the true Negritos', 
the averages being 76*6 (Angami) and 79-3 (Serna). The follow¬ 
ing table shows the standard deviations of cephalic indices as 
compared with other admittedly homogeneous stocks :— 


Series. 

Angami 

Sema 

S.D. of C.I. References. 

4*2 

3*3 

Bavarum Peasants 

3*6 I 

Biometrica I, p. 191 

French Peasants 

3*6 i 

(1901). 

Samoans 

3*6 

Mem. B. P. Bishop 
Muaeumt VIII, No. 2 
(1921). 

Hawaiians 

3«6 

Ibid., IX, No. 4 (1927). 


The differences between the two averages, standard devia¬ 
tions and coefficients of variations are 2*64, 0*82 and 1*3 
respectively. Dixon’s measurements of the 6 Chakrima Angamis 
showed an average cephalic index of 77*77. Hutton’s average 
for the Angamis is 76, while that for the Sernas is 79. These 
results do not differ materially from the data given above. 

There are serious objections to accepting the nasal index as 
an expression of the relative proportions of the nose. The 
measurements of both the nasal height and breadth are very 
small and even a small error in taking these measurements 
would seriously affect the averages. Further there is no 
uniformity on the part of the different observers in determining 
the upper limits of the nose. The locate m of the nasion by 
various observers is never the same and varies to an appreciable 
extent; this naturally not only affects the mean for the nasal 
height but also influences the nasal index. Nevertheless since 
the index is highly descriptive it is worth while considering it. 
Hutton records the nasal index of the Angami as 79 and of the 
Serna as 80 * as against 89*37 (Angami) 79*76 (Sema) * calculated 
from his own measurements. My averages are 68*93 for the 
Angami and 70*18 for the Sema. Both my series show a high 
leptorrhine element with a characteristic absence of the platyr- 
rhine.* The lower value of nasal index of both the A^amis 
and the Sernas is a factor which distinguishes them from the 
Predravidian (DP) of Haddon. 

Table II (Appendix) shows the results of correlation between 
the cephalic index and nasal index. In the composition of the 
Angfl.mift the M.P. (blend of DP+BP probably) element is only 


^ The C.I. of the Andamanese is 83 (ELaddon), of Negritos of the 
Philippine Islands 83*3 (Sullivan). 

* Hutton, The Angami Nagaa, ibid. 

^ Thanks are due to my statistioian friend Mr* S. Sen Gupta who is 
revishig Hutton’s oaloulations, for kindly allowing me to use these figures. 
tSee Appendix for tables. 
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2%, }vhereas among the Sernas it is 1%. The unblended BP 
and DP are also very negligible. The Angamis disclose a 
dolichocephaly in shape with a small element of brachyoephalic 
type allied to the Burmese. The Sernas are mainly mesocephalic, 
mesorrhine containing a stronger brachycephalic leptorrhine 
type which Dixon calls Alpine. The small platyrrhine element 
along with the dolichocephalic and braehycephalic types may 
be the earlier strata of Negroid and Palae-Alpine respectively, 
but from the data available to me it seems that they had very 
little influence on the racial composition of these people. Dixon 
in The Khasi and the Racial History of Assam ' regards the DL 
factor as having had no influence in Assam racially except among 
Syntengs, but my investigations of the Angamis definitely 
confirm Hutton’s ^ surmise that ‘ the DL factor is as stroxig in 
their areas as in the Jaintia Hills 

To test whether these two groups of Nagas may be consi¬ 
dered as samples drawn from the same general population or 
whether they must be considered as statistically divergent, 
the test of Prof. Pearson® was used. The mean value of 
(7® for two groups belonging to the same population is zero 

2 

with a probable error of + *67449 ~ , where P is the total num¬ 
ber of characters. Taking the value of P as 7,* the probable 
error of C* works out at ±0*36 approximately. The values 
of the coefficient (C®) of the Angamis and the Sernas which is 
26*29, with the probable error ±0*36, therefore, show that 
these two groups must be considered as being significantly 
differentiated from each other. 

The actual magnitude of the divergence between these two 
groups may be measured by the coefficient of divergence ® 
defined by Prof. P. C. Mahalanobis as 




n . n' 


with a variance given by 


where Mp and M^p are the observed mean values of the Pth 
character in two groups of size n, n* \ aP^ is the reliable value 
of the variance of Pth character and D* is the mean value of 


1 JDixou, Man in India, Vol. II (1922). 

2 Hutton in the Introduction to W. C. Smith’s Ao Nagas, pp. xiii- 
adv (1926). 

8 Biometrika, XVUl, pp. 105-107 (1926). 

* Stature* Head length, Head brei^th, Nasal height. Nasal breadth. 
Cephalic index and Nasal index. 

8 Mahalanobis, Joum, Aaiat, 8oc, Bengal, Vol. XXVI, p. 680- 
(1980)« 
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2)*. The 2)* computed in accordance with the above formute 
for the two samples of the Angamis and Sernas is 0’663 which 
again shows that they are definitely divergent. It may, there¬ 
fore, be concluded that the relationship of the Chakrima Angamis 
and Sernas as suggested by Hutton' is not borne out by the 
author’s anthropometric studies. 


APPENDIX. 


Table I. 


Angami n—100. 


Sema n=100. 



Mean. 

Standard 

Deviation. 

Varia¬ 

bility. 

,ture 

i6rv43± as 

4-96i-33 

•2-9i-13 

>halic Index 

76-67 f.W 

4-20t-21 

6-41-2.') 

sal Index .. 

68-931-43 

6‘53±-31 

9-4 ±-46 


Moan. 

Standard 

Varia- 

Deviation. 

bility. 

160-381‘40 

6-03 ±-28 

3-7fl7 

79-311-22 

3-.38±-16 

4-11-19 

7M8±*50 

7-51 ±-35 

10‘5*t-60 


n is the number of individuals in each series. 


Table II. 


Angami. Sema. 

D M B D M B 


L 

29 

21 

12 


L 

11 

16 

18 

ra 

19 

12 

5 


m 

5 

29 

17 

P 

X 

2 

X 


P 

1 

1 

2 


D =a Dolichocephalic; M=Mesocephalic ; B=Brachycephalio; 

LsaLeptorrhine; m=Mesorrhine; P=Platyrrhine. Ranges are as 
given in Martin’s Lehrbuch der ArUhropologiet Vol. I, pp. 198, 202 (1928). 


1 Hutton, The Sema Nagae, p. 4 (1921). 
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Notes on Some Indian Gall Forming Psyllidse 
(Homoptera). 

By M. S. Mani. 

{Communicated by Dr. Sunder Lai Hora.) 


Introduction. 

Unlike most other groups of gall forming insects it is gratify¬ 
ing to note that the Homopterous family of ‘ jumping plant- 
lice ’ or the Psyllidae has been somewhat extensively studied in 
India. Kieffer ^ described numerous species of Psyllids and 
their galls, mainly from Bengal. Extensive collections of these 
insects from different parts of India were descril)ed by Buckton 
and Crawford, mostly in the Indian Museum Notes and the 
Records of the Indian Museum. Ramakrishna Ayyar* also 
published references to all the species described from India up to 
1924. In the same year Simdar Raman ^ listed twenty-four galls 
of Psyllids and briefly described some. His account was exclu¬ 
sively botanical and inaccurate in several respects. A series of 
galls really caused by Psyllids on variou. species of Terminalia 
(Combretacese) were incorrectly recorded by him as galls of 
Hymenoptera, the Chalcid parasites of the Psyllids being mistaken 
for the primary gall maker. Very recently Rahman * described 
the immature stages of several species of Indian Psyllids. 

For several years I have been collecting Psyllids and their 
galls from different parts of India. In this paper are redescribed 
several Psyllid galls and I have also included a synoptic key 
to the species of Pauroysylla studied by me. 

My thanks are due to Rao Sahib Dr. T. V. Ramakrishna 
Ayyar, Government Entomologist, Agricultural Research 
Institute, Coimbatore, for suggesting this work and to Dr. Baini 
Prashad, Director, Zoological Survey of India, Indian Museum, 
Calcutta for giving me facilities for work in the laboratories of the 
Zoological Survey. 


1 Kieffer, J. J., Ann. Soc. Sc. Bruxelles, XXIX, pp. 159-182, (1905); 
and MarceiUa, VH, pp. 169-162, (1908). 

* R amq.kri«Una Ayyar, T. V., Rec. Ind. Mtis., XXVI, pp. 621—625, 
(1924). 

® Sundar Raman, A. H., Journ, Ind. Bot, Soc., TV, pp. 9—14, (1924). 

♦ Rahman, Khan A., Ind. Joum. Agru^. Sc., 11, p. 369, (1932). 
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Systematic. 

Subfamily PAUROPSYLLINiE. 

Genus Pauropsylla Rubs. 

Rubsaamen ^ erected this genus in 1899 for a Psyllid from 
Sumatra, but his characterisation was incomplete in several 
respects. In 1905 Kieffer (loc. cit., p. 167) revised the genus, 
describing two species, P. ficicola Kieff. and P. globidi Kieff., 
from India. He summarised the diagnostic characters of this 
genus as follows : ‘ Corps lisse. Tete au moins aussi large que 

le thorax, transversale, deaux fois aussi large que longue, 
d6pourvue de prolongments sur la face. Yeux resortant forte- 
ment sous forme d’h^mispheres. Vertex a peu pr^s plan, 
divis^ par un sillon median et longitudinal, et ofErant parfois de 
cha^j^ue cote une proeminenee h6mispherique et value sur le 
c6t6 exteme de laquelle se trouve un des ocelles posteriurs. 
Vue de profil, la tete ne se prolonge pas au dela des yeux ; 
front et face perpcndiculaires. Antennes de dix articles, au 
moins aussi longues quo la tete et la thorax r^unis, subfiJiformes. 
Thorax convexe, plus ^dev^ que la tete. Ailes hyalines ; les 
ant6riures arrondes au bout ou presque tronquees, ay ant leur 
plus grande largeur a I’extremit^ ou ])rps de Textr^mit^; partie 
basale du cubitus plus courte que la nervure intermediaire, celle- 
ci beaueoup plus courte que la nervure basale ; nervure discoidale 
sortant du cubitus ; stigma nul 

The following Indian species of this genus are known to be 
gall forming : P. ficicola Kietf., P. globuli Kieff., P, depressa 
Craw., P. tubcrculata Craw\, and P. spondiasae Craw. The last 
three species may be distinguished from each other with the 
belp of the key given below ; the other two are easily separated 
by Kieffer’s table. Crawford ^ has tabulated the old world 
sjjecies of this genus. 

Partial key to the species. 

I. Fore wings hyaline and colourless. 

A. Fore wings rather small, a little less than twice as long as 

broad . . .. .. P. tuhercukUa Craw. 

B. Fore wings large, a little longer than twice as long as 

^ bn)ad .. . . .. P. (hpresm Craw, 

n. Fore wings hyaline but tinged yellowish .. P. tfpondiasae Craw. 


Pauropsylla tuberculata Craw. 

1912. Pauropsylla tuheroulata, Crawford, Rec. Ind. Mua.y VII, 
p. 430. 


1 Rubsaamen, E. H., Entomol. Nachr. Berlin., XXV, p. 262, (1899). 
* Crawford, D. L., Philip. Joum, Sc., XV, p. 142, (1919). 
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1924. PauropayUa tuhercukUa, Ramakrishna, Bee, Ind. Mua,, 
XXVI, p. 622. 

1932. PauropayUa tubercuUUa, Rahman, Ind, Joum. Agric. Sc,, 
II, p. 359. 

This is a dark reddish brown species, measuring about 
2 mm. long. It gives rise to small, barrel-shaped, hard, sub- 
lignose galls on the leaves of Alstonia scholaris Linn. Rahman has 
briefly described and figured the galls. The species falls between 
P. floccosa Craw, and P. triozoptera Craw, in Crawford’s tables. 

Distribution. —Bombay, ^ngal, Madras ; probably through¬ 
out India. 


Pauropsylla depressa Craw. 

1912. Pauropsylla depressa, Crawford, Bee. Ind. Mus., VIT, p. 429 

1924. Pauropsylla depressa, Ramakrishna, Bee. Ind. Mus., XXVI, 

p. 622. 

1932. Paurop<*ylla depressa, Rahman, Ind. Joum. Agric. Sc., II, 
p. 359. 

This species is somewhat larger than P. tuberculata Craw., 
from which it is further distinguished by its lighter colour, 
tinged with orange red. Marginal cells in the fore wings are 
nearly equal. This species runs with P. udei Rubs, in Crawford’s 
tables. 

This species attacks the leaves of Ficus glomerata Roxb. 
and gives rise to large, globose galls. The Psyllid giving rise 
to galls on shoot of Cinnamon at Mangalore is believed by 
Crawford to be identical with this species, w^hich however needs 
confirmation. 

The gall (Plate 1, fig. 1) has been incompletely doscril)ed by 
Sundar Raman (loc. cit., p. 10) and Rahman ; I give below 
a complete description :— 

5-10 mm. in diameter, regular, simple, globose or obpyri- 
form, sessile, perfoliate, unilocular ; or 15-30 mm. in diameter, 
irregular, compoimd, multilocular, with large, spherical or con¬ 
vex tubercles; the tubercles representing the several simple 
galls which have incjompletely fused into the compound mass 
due to forming very close to each other ; yellowish, orange, 
reddish or reddish brown, almost entirely devoid of chlorophyll, 
very conspicuous against the background of dark green foliage, 
glabrous or reticulate with the prominently raised veins or dotted 
with small dark red scales ; generally thick walled and almost 
solid, camose, sometimes less so; dehiscent when old by 
lacerated openings on the under side, which let out the adult 
Psyllid. 

The following structure is made out in a transverse section : 
The epidermis encloses a broad annular strip of imdifferentiated 
parenchyma, which surrounds the central hollow space. Concen¬ 
tric, broken, irregular, circles of proliferating cells occur in the 
annular parenchyma. Numerous veins are scattered superficially 
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and deeply in the parenchyma. There is no trace of the palisade 
or spongy tissue of the leaf, both having completely degenerated 
into the simple undifferentiated parenchyma. In some young 
specimens a small fistular opening is found on the under side of 
the gall, while in the older galls this passage closes more or less 
completely due to cell proliferation. The galls are really the 
invaginated and swollen leaf. The seat of cell proliferation is 
the parench 5 mia of the leaf. 

Distribution ,—Throughout India, Burma, Ceylon, Java, 
Hongkong, and the Philippines. In India the galls are most 
abimdant during the time of the monsoon rains. 

Several examples in formalin in the collections of the 
Zoological Survey of India, (Ind. Mus.), Calcutta. Coll. M. S. 
Mani, St. Paul’s High School Garden, Madras, 4-xii-1929 and 
Tanjore Bragadisvar Temple Garden, Tanjore, Madras Presidency. 

Pauropsylla spondiasae Craw. 

1916. PcmropayUa spondiasae, Crawford, Philip, Joum. Sc,, X, 

p. 260. 

1024. Pauropsylla spondiasae, Ramakrishna, Bee. Ind. Mus,, 
XXVI, p. 622. 

This species produces peculiar scroll-like galls on leaves of 
Spondiaa mangifera Linn. 

Distributiem .—^Throughout Ceylon and the Madras 

Presidency. 

Phacopteron lentiginosum Buckt. 

1894. Phacopteron lentiginoaum, Buckton, Ind. Mus. Notes, III, 

p. 18. 

1912. Phacopteron lentiginosum, Cra-wford, Bee. Ind. Mus., VII, 
pp. 420-421. 

1919. Phacopteron lentiginosum, Ramakrishna, Bep, Third Entomol, 
Meeting, Pusa, p. 1030. 

1924. Phacopteron lentiginosum, Crawford, Bee. Ind. Mus., XXVI, 

p. 616. 

1924. Phacopteron lentiginosum, Ramakrishna, Bee. Ind. Mus., 
XXVI, p. 622. 

This conspicuous species was described by Buckton from 
Poona and later redescribed by Crawford. The nymph of this 
species is not flattened as in the rest of the Psyllids but large 
and robust. It gives rise to very remarkable galls on leaves of 
Oaruga pinnata. The galls have been very briefly described by 
Sundar Raman {loc. cit., p. 12) and Ramakrishna Ayyar. 

I give below a complete description of the gall:— 

20 mm. long, 10 mm. in diameter, regular, simple, ovoid, 
obovoid, globose or subcylindrical, ventricose, or sometimes 
compressed, free, cavate, unilocular, acystiferous, indehiscent 
local swellings ; sessile, sometimes with a very short, narrow 
neok-like stalk ; two to six, rising from the middle of a cupiform 
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tumescence, near the mid rib, towards the base of, and generally 
on the upper surface of the leaf. Yellow or yellowish green 
and tinged with brown or reddish brown ; glabrous, with about 
a dozen, longitudinal, prominently raised, green, strong nerves, 
radiating from a point on the top; the nerves anastomosing 
with each other and freely giving off reticulating branches below ; 
moderately hard and brittle ; the cavity is very large and contains 
generally from one to two nymphs of the Psyllid. Really the 
galls are the invaginatod and swollen leaves. The eggs are laid 
on the lower surface of the leaf near the mid rib. A slight local 
tumescence acjcompanies the irritation produced by the nymphs 
hatching from these eggs. Subsequent invagination on the 
under side and further cell proliferation result finally in the 
formation of the gall. Unlike in most galls of Psyllids the mouth 
of the invaginated cavity closes very soon due to rapid cell 
proliferation of the surrounding tissues, and its position is only 
indicated by a minute pit. Transverse section of the gall is an 
annular strip of simple parenchymatous cells, with a well 
developed epidermis on the outer side and a layers of dead 
cells on the inner side in the ease of the older galls. Numerous 
veins and groups of vascular bundles are scattered irregularly 
in the parenchyma. The palisade and the spongy parenchyrase 
of the leaf are more or less degenerated. 

Subfamily OARSIDAHTN^. 

Dinopsylla grandis Cr ^w. 

1924. DinopsyUa grandis^ Crawford, Ttec. Jnd. Mus., XXVI, p. 619. 

1924. Dinopsylla grandis, Ramakrishiia, Rec. Did. Mua., XXVI, 
p. 623. 

This species was described by Crawford from a series of 
Psyllids bred by Kamakrishna A 3 ^ar from hairy galls on leaves 
of Ficus nervosa. It has also been recorded from Brazil b\' 
Crawford. In 1919 Ramakrishna Ayyar ^ described the remark¬ 
able galls produced by this species from Taliparamba Forest in 
North Malabar. I collected the galls and the Psyllid in the 
Walayar Forest, South Malabar and from this it would appear 
that the species is widely distributed in South India. I add the 
following note to the record of Ramakrishna Ayyar :— 

15 mm. in diameter, regular, simple, globose, rarely sub- 
fusiform ; camose, local, free, sessile excrescences generally on or 
near the mid rib or some of the larger veins of the leaves ; pale 
yellowish green and densely covered with long, thin, light 
brownish coloured villous ^irs; unilocular and looking like 
a hairy ball on the upper surface of the leaf. A few vascular 


1 Ayyw, T. V., Rtp, Ptoo, Phitd EtUomol^ 

Puaa, p. 1031. (1919). 
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bundles are irregularly scattered in an undifferentiated parenchy¬ 
matous tissue. The parenchyma surrounds a large central 
cavity. The outermost layer of cells of the parenchyma develop 
into the villous hairs. 

Subfamily TRIOZIN^E. 

Trloza fletcheri Craw. 

1912. Trioza fletch&ru Crawford, Rec. Ind, Mtu., VII, p. 434. 

1924. Trioza flet4iherit Ramakrishna, Rec. Ind. Mvs., XXVI, 
p. 624. 

This species was originally described by Crawford from 
specimens taken by Fletcher on QmeUina arhorea at Pusa and 
was later recorded from the peculiar galls on leaves of Trewia 
nvdiflora by Ramakrishna Ayyar. I have collected the species 
and its galls from Coimbatore, Vellore, and Calcutta. From the 
material collected at Sibpore near Calcutta I bred numerous 
Chalcid parasites, some of which were doubtless true primary 
parasites on the nymphs of this species, though it is likely that 
the rest are hyperparasites. Galls of this species are abundant 
throughout the year in Calcutta. Sundar Raman and Rahman 
(loc. cit.) have figured the galls and the immature stages of this 
species. 

Megatrioza vitiensis (Kirkaldy). 

1907. Trioza vitiensis, Kirkaldy, Proc. Hawaiian Entomol. Soc,f 
I, p. 103. 

1915. Trioza ev^enim, Crawford, Philip. Joum. <S»c., X, p. 265. 

1919. Megatrioza vitiensis, Crawford, Philip. Joum. Sc., XV, 
p. 195. 

1924, Megatrioza vitiensis, Ramakrishna, Rec. Ind. Mus., XXVT, 
p, 624. 

This widely distributed species has been recorded making 
galls on Eugenia malctccctensis in several Pacific Islands, Strait 
Settlements and Ceylon. I have bred this species from the 
pustuloid gall on the leaves of Eugenia jambolana (DC.) taken in 
different parts of India. Sundar Raman's (loc. cit., p. 13) brief 
description of the gall, which he recorded as produced by an 
unknown Psyllid, is inaccurate in several respects. I give below 
full description of the gall. (See Text-fig. on p. 105.) 

There are two varieties of the gaU : simple and compoimd. 

Simple variety. —5-10 mm. in diameter, regular, pustuloid, 
hemispherical, subpyriform, subovoid, rarely subglobose ; sessile, 
glabrous, greenish yellow and tinged with pin^h or brownish red; 
somewhat hard and brittle, rarely fleshy and soft, turning woody 
and brown when old and dry; moderately thick-walled, unilo¬ 
cular ; the cavity large, irregular, containing a single nymph of 
the Psyllid, sometimes having a minute fist^ar passage opening 
to the outside on the under side of the gall; generally very 
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conspicuous on the upper side of the leaves , dehiscing by irregular 
slit-like cracks when old. Shape and size of the leaves on which 
this kind of gall forms are not much affected 



Texfc fig. Pustuloid galls of Megatnoza vUtemns (Kirkald>) on 
leaves of Eitgenta jambolana (DC.). Natural size.) 


Compound variety —^This variety results from a more or less 
complete fusion of numerous galls of the simple kind crowding 
together. 

10-25 mm. in diameter, irregular, extensive, sometimes 
involving an entire leaf, with diff^, large, globose tubercles, 
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which represent the simple galls which have fused into one mass ; 
sometimes without such tubercles; sessile, glabrous, whitish or 
j^llowish white, occasionally tinged with red or violet; solid, 
fleshy, multilocular; each cavity small and with one nymph of 
the Psyllid. The gall is very much arched on upper side and 
deeply excavated on the under side which further has irregular 
lacunsB dehiscing by irregular lacerated cracks. Leaves bearing 
this variety of galls are very badly deformed and undersized. 

The compound variety of the gall is much less common 
than the simple one. It differs from the simple type in its 
larger size, irregularity of form, paler colour, and numerous 
cavities. (See Text-fig. on p. 106.) 

The gall first appears as a minute, yellowish green, hard, 
verruooso structure on the leaf surface, formed by the invagina¬ 
tion of the leaf on the imder side, cell proliferation and consequent 
tumescence. A rather alow cell proliferation and growth finally 
result in the fully formed gall. The palisade and spongy paren- 
chymse of the leaf are completely degenerated into the 
undifferentiated parenchyma of the gall. The parenchyma of 
the gall is seen to be made of large, hexagonal or round colls and 
is irregular and large. The epidermis is normal. Veins of the 
leaves entering the gall are scattered irregularly deep in the 
flesh of the gall, which appear in longitu(£nal sections in the 
form of an arch; thus demonstrating the early invagination of 
the leaf on the under side. 

When old the galls dehisce as a result of the slow drying 
by irregular lacerated cracks and thus the full grown last instar 
nymph escapes to the outside. The stimulus of the outside air 
appears to bring about the final emergence of the adult Psyllid 
from the nymph. A fruit fly {Trypetid) breeds in the succulent 
flesh of the galls of the compound variety. Larvae of an 
unknown Lepidoptera and Curculionid beetle were observed to 
be boring into the flesh of the gall. A Ohalcid parasite has been 
bred from the nymph of the Psyllid from this gall. 

Several examples in formalin in the collections of the 
Zoological Survey of India (Ind. Mus.), Calcutta. Coll. M. S. 
Mani, a scrub jun^enear Tanjore, Madras Presidency, 30-xii-1928. 


Megatrioza hirsuta (Craw.). 

1912. Kttwayama h/wauta, Crawford, Rec, Ind, Mus,, VII, p. 427. 
1919. Megatrioza hiraiUa, Crawford, PhiUp. Joum, Sc„ XV, p. 201. 
1924. Megatrioza hiravta, Crawford, Rec, Ind, Mus,, XXVI, 

p. 021. 

1924. Megatrioza hirsuta, Kamakrishna, Rec, Ind. Mus., XXVI, 

p. 626. 

This species was first provisionally referred by Crawford to 
the genus Kuwa/yama from material taken in the Bombay Presi- 
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Introduction. 

No suitable text-book dealing with a type Teleostean Fish 
is available for students studying Zoology in South India. It 
is to supply such a demand that this work was taken up. The 
Endoskeleton of Otolithus rvber (Sciaenidee) is described in this 
part, while the anatomy of the soft parts will be dealt with 
later. 

Otolithus rvber is selected as a type, for it is a very common, 
edible, Sciaenid fish found along the Coromandel Coast through¬ 
out its length. It grows to about two feet in length and is 
found in large numbers during the South-West Monsoon months— 
Jline to October. 

The present investigation was carried out in the University 
Zoological Laboratory, Madras, under the guidance of Prof. 
R. Gopala Aiyar, the Director. 1 am deeply indebted to him 
for constant help and eneouragemont and also to Dr. S. L. 
Hora and Dr. H. S. Rao going through the manuscript 
and offering valuable suggestions. I have also to jbhank the 
Madras University for the award of a Research Studentship 
which enabled me to carry on this work. 


Endoskkleton. 

1. Axial Skeleton. 

(A) Head Skeleton, 

The complete skeleton of the* head of Otolithus ruber is wedgo- 
shapod with the ])oint of the wedge directed anteriorly. Looked 
at from the side, it presents a definik' triangular outline. It 
is widest near its posterior end (the auditory region) and its 
length is about twice the maximum width. 

The large opercular bones are very prominent and their 
straight ventral edges form more than one half of the ventral 
edge of the whole head skeleton. 

In a lateral view, the greatest height of the skeleton is at 
the region of the pre-operculum and this is about two and 
a half times the height of the skull proper in this region. * The 
skull includes those bones and cartilages of the head that are 
immoveably attached together, to form, in their posterior 
portion, the brain case ; in their anterior portion the ant-orbital 
process and the rostrum.’ (3*). 

The bones of the skull are well ossified and hard. Many 
of them contain, in small crevices, plenty of fatty matter. 


• Numerals in bold type in brackets refer to the number of references 
in the Bibliography at (ho end of the paper. 
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Large muoiferous cavities and canals are devolopetl on the 
dorsal surface of many of the skull bones. 



Fig. 1. Side view of tlie Hoad Skeleton (x2^). 


aaf/., angular ; a.p.pmx.y ascending proeesa of promaxilla ; a,q„ articulatory 
head of quadrate ; art.^ articular ; c,, cartilage ; canine of the lower 

jaw ; caM.j.y canine of the upper jaw ; (/., dent ary ; d.qr.y dilatator groove ; 
ep.ot., epi-otic ; ep,ot.p.f epi-otic process; /r., frontal; hnid.^ hyomandi- 
bitlar ; int.op.f inter-oporculum ; la., lachrymal; i.etk.p., lateral ethmoidal 
pro^'oss; l.iJiy., foramen for ligament from interhyal to sphenotic ; md.l.v. 
mandibular lateral line canal; mt.pt., mo^a-pber t^oid; ni^., maxilla ; 
na., nasal; op., operculum ; par., parietal; patt.. parasphenoid ; p.hnbd., 
posterior articulatory process of hyomandibular; p.mx., promaxilla ; 
po.oh., post-orbitals ; p.op., pre-operculum ; p.p.temp., iirocess of post- 
toniporal uniting with opisthotic ; pr.ob.. prc-orbilal; p.temp., post-tem¬ 
poral; q., quadrate; r.h.f., foramen for ramus hyoidous facialis; r.hm.f., 
foramen for ramus hyomandibularis facialis ; r.ni.f., foramc'ii for ramus 
maudibularis facialis ; s.or., supra-occipital ; ft.oc.r., Bupra-oc(*ipital crest; 
b.op., sub-opercular; sph.ot., sphonotic ; s.temp., supra-tompfiral ; n.t.qr., 
supra-temporal groove; suh.ob., sub-orbital; Hym., symplectic; t.gr., 
tejmporal groove. 

(a) Skull Proper. 

The skull [iroper of Otolithua rabar is about two and a half 
times as long as it is broad and its maximum breadth is nearly 
twice the depth at its extreme hind end. The raid-ventral 
line of the skull, unlike that of Scomber (3), is perfectly straight 
and, therefore, its hind end forms the deepest part of the skull. 
The anterior end (ethmoid region) of the skull is quite narrow, 
and the breadth increases gradually upto the post-orbital region. 
Beyond this the breadth is quite the same till the posterior 
end, only the pterotic processes of the two sides divaricating 
outwards. Thus behind the orbital region, the lateral edges 
of the* skull are very nearly straight. The mid-dorsal line 
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of the skull is not quite straight, the posterior half being at a 
higher level. The ethmoidal region is at a lower level than the 
frontals, so that the mid-dorsal line bends down here. 

The dorsal surface of the skull is not flat. In the orbital 
region the lateral half of each frontal is arched upwards to 
ac(!ommodate the eye-ball. The frontal here shows a definite 
convexity. Between the two convexities of the two frontals 
the surface is quite flat. 

From the posterior mesial corner of each frontal there 
arises a shallow groove, the dilatator groove (d.gr.), which 
runs outwards over thc^ dorsal part of the sphenotic and then 
backwards over the pterotic and terminates at the end of that 
bone. 

There are two more grooves, shallower than the dilatator 
and arising from the same ])oint. The more lateral of the 
two, the temporal groove (t.gr.), is situated mesial to the dila¬ 
tator groove, and consists of two portions, an anterior portion 
traversing a part of each frontal, parietal and pterotic, and a 
]K)sterior portion very much depre^ssed and opening out at 
the hind end of the skull. At the anterior mesial corner of 
the posterior portion of the depression is a cavity directed 
forwards and mesially. Into the posterior portion of the groove 
extend the trunk muscles. 

The third groove which is mesial in position and situated 
internal to the temporal is the supra-temporal groove {H,i.gr.). 
It is much shallower than the others. Anteriorly it bends 
out slightly laterally, and the two supra-t<^mj)oral grooves arc 
separated by the median suj)ra-occi])ital crest. Ventral to 
the posterior end of the groove then*, is on the mesial part of 
the jK)sterior surface of the skull, a highly depressed portion 
which terminates behind at the base of the ex-occipital facets. 
The supra-temporal groove as a whole is very faint. 

Behind the orbital region the skull is dome-shaped. The 
extreme posterior ends of the frontals contribute partly to the 
formation of this dome. 

The posterior part of the skull, namely, the occipital region, 
is at a lower level than the auditory part. The anterior half 
of the auditory region is accommodated in the dome while 
posteriorly there is a sudden fall to a lower level. 

The posterior end of the skull which is rather small and 
constricted in appearance, bears the large concavity of the 
basi-occipital, the two flat ex-occipital facets and the foramen 
magnum. 

The original (jhondrocranium is completely ossified, and 
there is little or no cartilaginous remnant in the adult except 
the rostral. All the bones are suturally connected with one 
another and their boundaries are fairly visible in the prepared 
skull. The sutural connections are formed in many cases by 
the interlocking of splint-like processes arising from the bones. 
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Fig, 2. Dorsal view of the Skull (Xl^). 

a.lJ.r , arch over lateral lino canal; h oc., basi-occipital; d ep of., deprossed 
part of opi-otic; d.pp.ot p , depression on opi-otic for lodgoinent of post- 
temporal process ; d.gr., dilatator groove ; d op,ot., depression on opis- 
thotic for lodgement of post temporal process; d.pt.ot , depressed part 
of pterotic ; d.s.t.gr., depressed part of supra-temporal groove ; (l.t qr,, 
depressed part of temporal groove; ep ot, epj-otic, ep ot.pi., epi-otxc 
process (short); epotp^., epi-otic process (long) ; caj.oc., ex-occipital; 
fLeth., facet on lateral ethmoid for palatinal articulation ; /.w., fViromen 
magnum; /r., frontal; l.eth , lateral ethmoid; . lateral ethmonlal 

process ; m.eth , raesethmoid ; , otic section of infra orbital la ra 

fine canal; o./r., orbital elevation of frontal; op.of,, opisthotic ; par., 
parietal; par.c., parietal crest ; pterotic ; pterot ic process ; 

ft.or., supra-occipital; j? oc.c, supra-occipifal crest; nph.ot., sphenorie, 
supra-temporal groove; t.gr., temporal groove ; vo , vtimer; ix, x., 
foramen for glossopharyngeal and vagus nerves. 


The skull can be easily divided into; (1) An anterior 
ethmoidal or nasal region; (2) an orbito-temporal region; 
(3) the otic or auditory region and (4) the ])osterior occipital 
re'gion which articulates with the vertebral column behind. 
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1. Ethmoidal Region, 

This is the anteriormost region of the skull situated in 
front of and on a lower level than the frontals. This part 
oomprises the following bones: the mes-ethmoid, the lateral 
or (‘ct-ethmoids, the nasals, the vomer and the rostral. 

Mes-ethmoid: (m.eth.). The mes-ethmoid is a small median, 
elongated bone with slight lateral projections and a flat, oval 
base. Mid-dorsally, from its middle portion arises an upwardly 
directed vertical process which goes to meet the anterior end 
of the frontal region. Thus, the portion of the mes-ethmoid 
posterior to the above process is tucked in beneath the frontals. 
The process is also continued as a faint ridge upto the anterior 
end of the bone. Ventrally, the anterior, half of the bone is 
solid, while the posterior half is scooped out to form a concavity. 
This concavity is the dorsal half of the mes-ethmoidal cavity 
(45) and the posterior half of the mesethmoid forms its roof. 
The two lateral edges of the mesethmoid possess splint-like pro¬ 
cesses which effect a sutural connection with the lateral ethmoids. 
The mesethmoid is bounded laterally by the ect-ethmoids, 
posteriorly by the frontals, ventrally by the mes-ethmoidal 
cavity and beneath it by the vomer, while the rostral is situated 
dorsal to it. The anterior end of the mes-othmoid bends doym 
and unites with the anterior end of the vomer. 

Lateral or Ect-ethmoid: (Leth.), This paired bone which 
occurs one on either side of the mesethmoid, is of an irregular 
shape. Anteriorly it is short and stout and forms the main 
body of the bon(\ From this j)art arise two large, leaf-like 
posterior processes and a triangular j)oste>ro-lateral process. 
The former processes unite ventrally with the frontals and 
the latter process (Leth,p.) is directed outwards to form the 
anterior boundary of the orbit. This is well-ossified and is the 
so-called Prefrontal bone. Just where the three processes arise 
from the body of the bone, there is a deep dorsal concavity 
(the floor of the nasal cavity) which bears the foramen for the 
olfactory nerve. 

Antero-dorsally from the body of the bone, at the base 
of the anterior edge of the lateral process, there arises a small 
process bearing a flat facet (f.Leth.) at its tip. This facet is 
directed forwards and upwards and glides over a similar ill- 
defined facet at the dorsal anterior end of the palatine. 

Antero-ventrally, from the inner or mesial edge of the bone 
arises a large downwardly and backwardly directed process. 
At the base of this process is a ventral, tiny, ball-like knob 
(k.l.eth.) which fits into a corresponding socket at the anterior 
end of the palatine. The process itself is suturally united 
with the anterior end of the parasphenoid by means of splint¬ 
like processes. 

The anterior extremity of the frontal lies over the posterior 



7 


1936] ANATOMY OP Otolithua ruber (bl. & sohn.) 

part of the ect-ethmoid and also projects slightly forwards to 
form a small roof to the posterior part of the nasal cavity. 
The anterior end of the ect-ethmoid unites with a dorsal, beak- 
like process from the vomer. The mesial edge of each ect- 
ethmoid roofs over the mes-ethmoidal fat cavity. 

The ect-ethmoid is bounded by the frontals posteriorly, 
by the mes-ethmoid dorso-mesially, by the vomer anteriorly and 
by the parasphenoid postero-ventrally. 

Both the mes-ethmoid and the ect-ethmoid are not traversed 
by any portion of the lateral sensory canal. 

Nasal: (na.). The nasal is a roughly triangular bone, 
thin and laminate, and completely roofing over the nasal cavity. 
Tt lies in front of and flush with the frontal of its side. From 
very near its anterior end there is a dorsal shallowde>pression which 
widens posteriorly and is continuous with the supra-orbital lateral 
canal of the frontal. Anteriorly, the nasal lies over the outer 
ascending process of the premaxilla and the anterior extremity 
of the maxilla. Tt is united anteriorly by ligaments to the 
lachrymal. Its mesial edge lies parallel to the inner ascending 
process of the premaxilla. At its anterior tip the nasal has a 
minute foramen-like tunnel. The posterior lateral edge of the 
nasal forms the inner border of the nasal opening. 

Vomer : (vo.). The Vomer is a ventro-median unpaired 
bone without teeth, with a stout, broad, anterior portion whicih 
may be called the ‘ head and a thin tapering posterior shaft 
or ‘ body ’. From each latt^ral edge of the head arises a process 
which projects upwards and then mesially and almost meets 
its fellow of the opposite side in the median Jme, where a dorsal 
ridge is formed with its posterior part overlapped by the meseth- 
moid. The posterior edge of each process is suturally united 
with the anterior edge of the lateral ethmoid. The antero- 
dorsal part of the head with its lateral process and the median 
ridge is curved downwards in the form of a beak. A concave 
articular surface on each side of the anterior outer end of the 
head gives an indirect articulation to the corresponding maxil¬ 
lary bone, a thin pad of cartilage separating the two articulat¬ 
ing surfaces. Behind this articular surface there is a deep pit on 
the lateral process on each side into which fits an articular 
head from the anterior end of the palatine. 

The pointed body of the vomer fits completely into a 
median V-shaped depression on the antero-ventral surface 
of the parasphenoid which extends forwards, on either side of 
the body of the vomer to the head. 

The dorsal surface of the head of the vomer forms the 
floor of the mesethmoidal cavity. 

Rostral: (fig. 8a). This is a single, thick, elongated and 
narrow, hour-glass-shaped piece of cartilage, with a deep median 
ventral groove resting on the antero-dorsal ridge of the vomer 
and the dorsal median ridge of the mesethmoid. On its dorsal 
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side rest the two inner ascending processes of the pre-maxiUanes 
both of which it serves to bind together. Antero-laterally 
on each side it is connected by fibrous tissue to the antenor 
end of the maxillary. 



Fia 3. Ventral view of the Skull (X 1J). 


als,t ahflphenoid ; 6 or , basi-occipital; b or p., posterior articulatory part 
of basi-oocipital, ep ot p , epi-otic process, ex oc , ox-occipital; ex oc.f., 
articulatoi y facet of ex-occipital , / Leth , facet on lateral ethmoid for 
articulation with palatine; fr., frontal; fr m r., mesial ventral rid^e of 
frontal, t,o fr,, internal carotid foramen; k,1 eth., knob on lateral ethmoid 
for palatinal articulation ; l.eth , lateral ethmoid, / eth p., lateral ethmoidal 
process, I f,pt,oi, longitudinal facet on pterotic for hyomandibular arti¬ 
culation ; op,ot , opisthotic , pflw a , anterior part of parasphenoid ; paa.p,, 
posterior part of parasphenoid; paa w,, wing of parasphenoid ; pr.ot., 
pro-otic ; pf,ot,, pterotic ; pt ot p , pterotic process ; aph.a.p,, pit on spho- 
notic opening into canal at bottom ; sph.d p , dorso-lateral pit on sphonotic ; 
aph ot., sphenotic , a,8ph ot, socket on sphenotic for hyomandibular arti¬ 
culation , tq.f c , tngemino-facialis chamber; vo., vomer; in., foramen 
for oculomotor nerve; tv , foramen for trochlear nerve; v., trigeminal 
opening of trigemmo-facialis chamber; vit., facial opening of trigemino- 
faoialis chamber; tx, x,, foramen for glossopharyngeal and vagus nerves. 
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In the interior of the ethmoid there ih a Hmall, oval cavity 
having the vomer for its floor and the mesethmoid for its roof. 
In the fresh condition this cavity has been found to be filled 
with a fatty substance of semi-solid consistency. In all proba¬ 
bility it is the ‘ Mes-ethmoidal fat cavity ' (m.'f.c.) described by 
Parker (45) in Salmo. 

The nasals and vomer are dermal bones, while the cct- 
ethmoids and mesethmoid are replacing bones. The rostral 
remains cartilaginous even in the adult. 

2. Orhito-temporal Region. 

The Orbito-temporal region can be divided into : (i) the 
Orbital region and (ii) the Temporal or Sphenoidal region. 
The former includes the two orbits with the bones that go to 
form the orbital ring, and the latter is sub-divided further 
into (a) the frontal region ; and (b) the parietal region. 

The frontal region includes the Frontals and the Orbito- 
sphenoids. 

The Parasphenoid, though properly belonging to the parietal 
region, has a long anterior part which extends into th(^ frontal 
region anteriorly and is connected with the vomer. 

The Parietal region includes (1) the parietals ; (2) the alis- 
phenoids ; (3) the basisphenoid and (4) the parasphenoid. 

Of the bones of the Temporal region, the frontals, parietals 
and parasphenoid are dermal in origin, while tlu^ alis])lH‘noids 
aiul the basisphenoid are cartilaginous in or’iin. 


(i) Orbital Regio7f. 

This region comj)rises the orbits and the orbital ring bones. 

The orbits arc large in size and occupy v(*ry nearly half 
the length of the skull. They are separated from each other 
only by a membranous inter-orbital septum, a bt)ny septum 
being absent. The skull is therefore said to be Platybasic.^ 

The big orbits cut into the skull to a considerable extent. 
Each orbit is bounded dorsally by the frontal, anteriorly by 


1 * As Gaupp has shown, there are two types of skull .* the ploty- 
basic and the tropibasic. In the fonrer the lrabe<Milae remain widr 
apart in the orbito-temporal region, an intertrabofular plato unites thi*m 
m front, and an extensive brain cavity is continued forward to the nasal 
capnuleR. This possibly more primitive type is found in the Chondrich* 
^yes and lower Oateichthyes {Acipenaer. Awm, Polypterus and some 
Teleostei such as the Cypriniformes among living forms), Dipnoi and 
Amphibia. Tn the tropibasic type the trabeculae tenrl to fuse immediat cly 
in front of the hypophysis to form the base of median interorbital septum 
continuous with the intemasal septum farther forward. 

. This type occurs in a very pronounced form in the majority of Tele- 
ostoi and also in the birds and higher reptiles.’ (35, p. 235). 
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the lateral process of the lateral ethmoid, posteriorly by the 
sphcnotio and th© anterior ©dg© of th© alisphenoid and mesially 
by th© membranous septum. 

There are five bones, all of them dermal in origin, which 
contribute to the formation of th© orbital ring. All these lx)n©B 
do not form a definite ring because th© dorsal supra-orbital is , 
absent. The ring is, however, completed by th© part of the 
frontal in this region. The posterior part of th© Lachrymal 
which is the anteriormost of th© five bones, and the remaining 
four successively one behind the other, the Pre-orbital, the 
Sub-orbital and the two Post-orbitals, go to form th© orbital 
ring. The second post-orbital secures attachment with th© 
lateral edge of th© sphenotic. Th© pr©-, sub-, and post-orbitals 
are traversed by the infra-orbital lateral line canal. 

Th© Lachrymal (la.) is an elongate, roughly rectangular 
bone situated at the anterior ventral part of the orbit, and 
(lirecteHi forwards and upwards. Th© anterior end of th© bon© 
is narrower than th© posterior, and th© ventral ©dg© longer than 
the dorsal. In the middle of its dorsal ©dg© there is an inwardly 
directed process which is connected to th© free end of th© lateral 
process of the ect-ethmoid by fibrous tissue and a tiny ligament. 
The whole lachrymal is situated above the maxillary which it 
almost entirely hides from view. Its anterior end is connected 
by fibrous tissue to the anterior end of the maxillary. Its 
upper edge is thick and the lower ©dg© thin as is the case with 
all the orbital ring bones. Posteriorly th© lachrymal has a 
V-shaped indentation into which fits the V-shaped anterior end 
of the post-lachrymal or pre-orbital bone. The lachrymal extends 
far forwards and its anterior end is united to th© antero-lateral 
edge of the nasal. 

The Lachrymal is traversed throughout its length by th© 
infra-orbital lateral canal which is enclosed by processes on 
the bone. 

The Pre-orbital (pr.ob.), or the Post-lachrymal of some 
authors (3), is a flat bone of irregular shape with a V-shaped 
pointed anterior end which fits into the posterior part of th© 
lachrymal. Its inner edge is much thickened. Posteriorly it 
is attached to the infra-orbital. It also overlaps th© maxilla 
to a certain extent. 

Th© Infra-orbital or sub-orbital (avh. ob.) is a rectangular 
bone with an irregular outer ©dg© and a concave inner edge. 
From th© middle of its inner edge there is a sharp process, the 
suborbital shelf, directed inwards into th© orbit. Th© infra¬ 
orbital is attached to the pre-orbital in front and th© post-orbital 
behind. 

Th© Post-orbitals (po. ob.) are situated next to the infra¬ 
orbital. Each is a four-sided bone with a curved, concave 
inner edge. The first post-orbital is attached to the infra-orbital 
in front and to the second post-orbital behind; the latter secures 
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attachment to the lateral edge of the sphenotic and thus com¬ 
pletes the orbital ring. 


(ii) Temporal or SphenoidM Region, 

(a) Frontal Region, 

The Frontal Region lies between the parietal and the etli- 
moidal regions. The Orbito sphenoid being absent in ilie skull 
of Otolithufi, the frontals alone remain to be flescribed. 

The Frontals (/r.) form the largest part of the dorsal surface 
of the skull, and occupy about half the full length of that surface. 
They are suturally united along their entire length in the rnid- 
dorsal line of the head. The anterior end of eac'h froiital rests 
upon and is united to the posterior edge of the corresponding 
lateral ethmoid (Pro-frontal), and even extends beyond it slightly, 
forming a roof to the posterior part of the nasal cavity. 

The frontal gradually widens from its anterior (md up to 
the dorsal anterior edge of the sphenotic where its lateral edg(' 
recedes inwards and the bone itself is consequently narrow 
here and presents a postero-lateral recess into which fits the 
Sphenotic (Post-frontal). 

Between the posterior edge of the lateral (dhmoid and 
the anterior edge of the sphenotic the frontal has more than 
half its breadth arched up laterally and forms the emtire rooi‘ 
’of the orbit of its side. 

The ventral side of each frontal has p well-formed, thi(^k, 
mesial ridge extending from the lateral ethmoid to the sphenotic. 
The posterior end of the ridge terminates at the anterior mesial 
comer of the sphenotic, while its anterior end meets the cor¬ 
responding arm of the V-shaped parasphenoid, immediati^ly 
mesial to the olfactory foramen. The frontal ridges run almost 
parallel to each other upto the antt^rior edges of the alisphenoids, 
where they bend outwards to end at the sphenotic bone. 

The area between the two orbital convexities is quite flat, 
while behind it the frontal is curved upwards, so that its posterior 
third is on a higher level than the anterior two-thirds. The 
supra-orbital region of the frontal is quite transparent and thin. 

The anterior end of the frontal unites mesially with the 
mesethmoid and laterally the posterior edge of the nasal lies 
over it. 

The hind edge of each frontal has an irregular outline. 
Mesially it overlaps the anterior edge of the suiB’a-occipital. 
It also overlaps partly the anteTior end of the parietal and 
is overlapped by it also to a little extent. 

The posterior lateral edge of the bone overlaps the mesial 
edge of the sphenotic. 

The frontal is traversed throughout its length by the supra¬ 
orbital lateral canal. There are vertical processes (a,l,l,c,) 
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arising from the dorsal surface of the bone each of which arches 
over a canal-like space (fig. 2). 

The frontal is well-ossified in all regions except where 
it arcihes over the orbit. The ossification is marked in the region 
mesial to the ventral ridges and also in front of the sphenotic. 
In the latter region especially, the bone exhibits a more or less 
porous nature with fat stored in the minute crevices. 

Both the pre- and the post-frontals are absent in this fish. 



Kics. 4. Posterior view of the Skull ( x IJ). 


ft.or., basi-occipital ; b.oc.p.f posterior articulatory part of basi-occipital; 

(leproHsofl part of aupra-toraporal groove; (Lt.gr.^ depressed 
part uf lomporal groove ; ep.of.^ epi-otic ; ex.oc., ex-occipital; ex.oc.f,, 
ex-occipilal fa<*ct ; f.in., foramen magnum ; op.ot.^ opisthotic; pf.of.^ 
pteroiic ; .v.oc.c., supra-(»ccipital (‘rest; />., r., foramen for glossopharyn-^ 
goal and vagus nerves. 


(b) Parietal Eegion. 

The parietal (par.) is a flat, leaf-like, ear-shaped bone with 
a posb^rior indentation and a prominent dorsal crest directed 
upwards and backwards. The two parietals are small in size 
and do not meet in the niiddie line, being separated by the 
median supra-occipital crest which extends to the posterior end 
of the frontals. The mesial edge of each parietal slightly 
overlaps the dorsaJ edge of the supra-occipital ; anteriorly 
also it overlaps the pos^rior edge of the frontals. Laterally 
and postero-laterally it is bounded by the pterotic whose inner 
edge it lies over, and postero-mesially it suturally articulates 
with the epiotic. At its antero-lateral comer it unites with the 
postero-mesial part of the sphenotic. 

The parietal does not contribute much towards the for¬ 
mation of the roof of the cranial cavity. 

The Alisphonoid (als.) is an irregularly triangular piece of 
bone forming about half of the hind wall of the orbit. It in¬ 
clines forwards, upwards and slightly inwards. The entire 
dorsal edge of the bone is rough and is articulated to the posterior 
part of the mesial ridge on the frontal. 

Laterally, the alisphenoid abuts against the sphenotic, 
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and ventrally, against the pro-otic and the basi-sphenoid. In 
fact, the anterior half of its ventral edge is borne by the lateral 
wing of the basi-sphenoid. Its antero-mesial edge forms the 
complete lateral boundary of the large, median, orbital opening 
of the brain case. The dorsal boundary of this opening is 
formed by the mesial ridges on the frontals and also the ])ortion 
of the frontals between them. The ventral edge is formed 
by the anterior edge of the basi-sfdienoid. 

The orbital opening of the cranial cavity is (closed by the 
posterior part of the membranous inter-orbital septum \i.o.s) 
which bends down in this region and terminates a little dorsal 
to the entrance into the myodome. The second cranial nerve 
pierces this septum and enters the orbit. This septum doe\s 
not, however, close the orbital opening of the myodome. 

The Basi-sphenoid {b.nph.) is a small median V-shaped 
bone, characteristic of many Teleosts. The shank of the Y is 
small and thick, directed downwards and forwards, and lies 
nearly vertically in the middle plane of the skull. The low(^r 
end of the shank is attached to the dorsal side of the para- 
sphenoid at the beginning of the median dorsal ridgc' of that 
bone and opposite to the anterior edg(‘s of its wings. The two 
arms of the V are quite broad, each directed laterally and a 
bit upward. The dorsal surface of the two arms put togctlnu’ 
is concave, and forms the Moor of the orbital opening of the 
cranial cavity. The outer edge of each arm whi(;h is directed 
upward is serrated and uf)on it rests the alisphenoid of its sid(^, 
sutiirally connected with it. Laterally, the arm is connected 
to the pro-oti(; bone of its side. Posteriorl y, behind the basi- 
sphenoidal arms, between them and the anterior end of th(‘ 
united edges of the mesial horizontal })rocesses of the pro-otics 
(the pro-otic bridge), occurs a small circular opening, thei Pituitary 
Fossa (pit. oj).) which opens from the cranial cavity into the 
anterior end of the myodome. Through this fossa the hyj)o- 
physis of the brain projects into the myodomal cavity. 

The basi-sphenoid, according to Allis (3), originally arises 
from paired centres in the trabecula? but, in the adult, oc(;urs 
as a median bone with paired wings. 

There is a thick, membraneous Inter-orbital septum (i.o.s) 
which also closes the orbital opening of the cranial cavity. This 
septum is connected to the middle line of the ventral part of the 
frontal region and is ventrally attached throughout its length, to 
the median dorsal ridge on the parasphenoid. At about the 
middle of its length, very close to its dorsal margin, it is pierced 
by the olfactory nerve which then enters the orbit and runs 
close to it, passing on into the nasal cavity through the olfactory 
foramen. From the anterior end of this septum arise the 
obliquii muscles of the eye-ball. 

The Parasphenoid (pas.) is a long, median, ventral, dagger- 
shaped bone with two lateral ascending wings or processes arismg 
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from the posterior third of its body, one on each side. It occurs 
ventral to the primordial cranium and extends from the basi- 
oecipital to the lateral ethmoids. In cross section the bone is 
V-vshaped throughout its length, except at the posterior regi/^n 
where the two arms of the V are almost on a level with each 
other. A median ridge occurs in the angle of the V right through, 
but is broken Tip in the region of the lateral wings and continued 
|)osteriorly beyond it. fn front of the wings the bone narrows 
to a small blunt end anteriorly. Behind the wings it expands 
into a broad, upwardly curved structure which has a small 
median longitudinal ventral groove and frayed edges and a 
})osterior end tapering to a ])oint. 

In the region of the wings, and slightly in front of and also 
behind them, there is a deep loTigitudinal channel on the dorsal 
surface of the bon(\ which forms the floor of the eye-muscle- 
canal. 

The wings are flat and thin, directed backwards and up¬ 
wards. The anterior edge of each wing is straight but the 
posterior is slightly concave. The anterior edge forms the 
lower half of the hind edge of the orbit and the posteriof edge 
overlaps the ventral half of the anterior edge of the pro-otic 
bone. The dorsal edge of the wing extends above the level of 
the horizontal mesial process from the pro-otic and reaches 
up to the floor of the Trigemino-facial Chamber. Between 
the pro-otic and the posterior edge of the wing, in the angle 
formed by that edge with the lateral edge of the parasphenoid, 
lies the Internal (^arotid Foramen, the anterior edge of which 
is partly overlapped b\ the hind edge of the wing so that the 
foramen seems to be enclosed in the parasphenoid. 

The posterior end of the vomer overlaps ventrally the 
anterior end of the jiarasjihenoid to a considerable extent. In 
fact there is an antero-ventral recess on the parasphenoid for 
the reception of the body of the vomer. 

With regard to the myodome or the eyo-rauscle-canal it 
may be stated that ‘ The Myodome is a space developed in the 
orbito-temiKiral and otic regions of the skull of Teleostomes 
for the accommodation of lengthened recti muscles of the eye. 
Strictly speaking, this space is the posterior myodome, since a 
similar anterior myodome is hollowed out for the oblique muscles 
in the ethmoid region by the enlargement of the orbito-nasal 
canal. 

Whfui fully developed, the myodome in the dry skull is 
a large space between the floor of the brain-cjase (pro-otic and 
basioccipital) and the parasphenoid; it opens behind, and 
communicates in front with the orbits. The myodome is sup- 
jiosed to have originated by the penetration into the enlarged 
opening for the pituitary vein of recti muscles originally inserted 
on the outer surface of the orbital wall.' (35, p. 279). 

In Otolithus the myodome extends from the posterior part 
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of the orbit to the anterior part of the basi-occipital. It doos 
not extend to the extreme liind end of the skull as in t^almo 
( 45 ), but terminates at the anterior end of the basi-oeeipital 
where that bone unites with the parasphenoid. It has for its 
floor the broad posterior part of the parasphenoid which is 
shghtly bent upwards behind. Its roof is formed by the wings 
of the basi-sphenoid, and by the whole of the mesial, horizontal 
processes of the pro-otics. Its sides are formed anteriorly by 
the lateral wings of the parasphenoid and posteriorly by the 
thin ventro-lateral laminal parts of the pro-otics. 

Anteriorly the eye-muscle (ianal is wide but ])osteriorly 
it narrows considerably and almost tapers to a ])oint. Its 
orbital opening is divided into two by the shank of the basi- 
sphenoid. Each orbital opening is bounded by the anterior 
margin of the lateral wing of the parasphenoid, by the basi- 


oc. 


Fig. 6. Me<liaii view of the bisected Skull (x2^). 

aJ.Lc.i arch over lateral line canal ; ah., ali-si>horioid; a.».c., anterior 
Hemi-circular canal ; h.oc., basi-occipital; b.sph.s., basi-sphenoidal shank ; 
cr.c., poHtorior part of cranial cavity ; ep.ot,, epi-otic ; ex.or., ox-occipital ; 
ex.oc.f., ex-occipital facet; /r., frontal; h.s.c., horizontal Bcini-cirrular 
canal; i.c.fr.f internal carotid foramen; l.eth., lateral ethimiid; m.elh., 
mesetlimoid; m./.c., mosethmoidal fat cavity; my., myodomc ; occ.n., 
foramen for occipito-spinal nerves ; op.ot., opisthotic; par., parietal ; 
pan., jjarasphenoid; pas.p., median vortical process of parasphenoid; 
p*/r., palatine foramen; pit.op., pituitary foramon; pr.ot., pro-otic ; 
jyr.ot.b., pro-otic bridge; p.8.c., posterior semi-circidar canal ; pl.ot., 
pterotic; s.oc., supra-occipital; s.oc.c., supra-occipital crest; aph.ot., 
sphonotic ; vo., vomer; Hi., oculomotor foramen ; v., trigeminal foraTnen ; 
tni., facial foramen; ix., x., glossopharyngeal and vagus foramina. 

sphenoid shank, also by a part of the lateral wing of the basi- 
sphenoid and by a part of the anterior edge of the pr(>-oti(‘. 

The myodomo lodges the reetj. muscles of the" eye, the 
origin of the rectus inferior being situated at the extreme poster¬ 
ior end of the canal. At about the middle of its hmgth the 
myodome has the internal carotid foramen opening into it. 
Through its orbital opening on each side the recti muscles and 
the-internal carotid artery enter the orbit. 
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The supra-temporal (e.femp.) is a thin, triangular, leaf-life, 
dermal fene occurring dorsally, posterior to the pterotic at the 
base of the pterotic process and connecting the pterotic with 
the post-temporal. It is traversed by two canals of the lateral 
line. There is a posterior arch through which the main infra¬ 
orbital lateral canal passes and extends into the pterotic and 
there is another mesial arch through which the supra-temporal 
branch of tho infra-orbital canal passes. 



Kid. 0. Trausvorrtc siu'lioiis through throo rogioiis in tho aiitorior 
half ot tho Skull (Xli). 

r/, through tho inosothniuidal region; 6, through tho nasal region; 
(, through the orbit. 

a.l.Lc., arch ovfji* lateral line canal; f., oyt*; fr.Jl., flat part of frontal ; 
i.os.t membraiKUis inter-orbital soptuin ; Leth.^ lateral ethmoid ; m.efh., 
ineHothmoid ; m./.c., mesothinoidal fat cavity ; na,y nasal ; o./r., orbital 
elevation of trontal ; pai>., parasphonoid ; vo., vomer ; vo.b., body of vomer ; 
vo.jj., anterior process of vomer. 


3 . Otic or Auditory Eegion, 

In all craniates the auditory capsule of the skull is situated 
between tho facial and the glo 88 o-phar 3 mgeal nerves. In 
Teleosts it arises as a single piece of cartilage—the Otic Cartilage, 
which secures connection with the parachordals below. In the 
otic? cartilage five centres of ossification occur which may be 
recognised as the five bones of the adult fish, namely, the Pro- 
otic, the Epiotic, the Pterotic, the Sphenotic and the Opisthotic. 
In Oiolithus all these five bones unite to form a closed capsule 
posteriorly on each side of the cranial cavity. 
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The Pro-otic—(The Petrosal)— {pr.ot.), is a large irregular 
bone forming the antero-mesial and antero-dorsal wall of the 
auditory capsule. The bone may roughly be said to have a 
thick body whose posterior portion is depressed in the form of 
a quadrant of a circle, this part of the bone being thin and 
transparent, and a mesial horizontal process or wing. 

Posteriorly the body of the bone articulates with the basi- 
occipital and exoocipital; dorso-posteriorly with the opisthotic; 
dorsally with the ptorotic ; antero-laterally with the sphenotic 
and antero-mesially with the alisphenoid. Antero-ventrally 
the body is overlapped by the lateral wing of tlie parasphenoid, 
while ventro-mesially it is united to the body of the paras¬ 
phenoid. 

Of these articulations the one with the basioccipital is more 
apposition, the two edges lying in juxtaposition with a thin 
strip of cartilage separating them. In all other cases there are 
splint-like processes arising from the edges of the pro-otic and 
also the surrounding bones. The splints of one bone fit into 
corresponding depressions between the splints of the adjoining 
bone, a dove-tail sutural articulation being thus effected. 

The mesial horizontal process of the pro-otic unites with 
its fellow of the other side and also anteriorly, with the basis- 
phenoid and alisphenoid. The united processes together form 
a platform-like false floor to the cranial cavity in this region. 
The platform also serves to roof over the myodome and separate 
it from the cranial case. The mesial horizontal process lies 
entirely behind the pituitary opening as in Amin, and is therefore 
homologous to that of Amia and not to that of Scomber (3) 
where a part of the process extends anterior to the pituitary 
opening. The whole process of Otolithus may, however, be 
said to be homologous to that part of the process of Scomber 
which lies posterior to the pituitary fossa. 

The posterior edge of the process reaches up to the anterior 
edge of the basisphenoid. The process itself slopes downwards 
posteriorly so that the myodome beneath it also becomes gra¬ 
dually smaller. 

The thin and transparent part of the pro-otic is so marked 
off from the anterior thick part by a deep curved ridge that 
it may also be considered as a posterior process of the bone. 
The inner surface of the posterior part of the pro-otic is deeply 
concave. Antero-dorsally, on the inner surface of the bone 
there is a circular opening for the passage of the anterior semi¬ 
circular canal. Antero-ventrally, the bone has a small incision 
which lies in the angle formed by the wing of the parasphenoid 
with the parasphenoid itself. This incision forms the posterior 
boundary of the internal carotid foramen through which the 
internal carotid artery passes into the myodome. 

Reference may here be made to the Trigemino-facial chamber 
(tg*/•€.) which was first described by Allis (4, 10) who gave the 
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n anri ft * to tt Bpftc6 Occurring in the side-wall of tho skull of Pisces 
immediately in front of the auditory capsule (35). 

In Otdithm it occurs antero-dorsally on the pro-otic bone 
as a well-defined spacious chamber with two outlets, one directed 
anteriorly and the other posteriorly. From in front the jugular 
vein (V. Oapitis Lateralis) and from behind the orbital artery 
pass through it. 



Fig. 7. Transverse sections through four regions in the posterior 
half of the Skull (Nat. Size.) 

o, through the orbital opening of the cranial cavity; b, through the 
anterior part of the pro-otic region; c, through the pterotic region; 
d, through the occipital region. 

a. l.l.c., arch over lateral line canal; oZ«., alisphenoid ; 6.oc., b^i-occipital; 

b. aph., baai-sphenoid; b.itph,8., basi-sphenoidal shank; cr.c., cranial cavity; 
crx.a., cranial cavity above ox-occipital platform; rr.c.6., cranial cavity 
below ox-occipital platform; epM,, epi-otic; ex.oc,, ex-occipital; /r., 
frontal; h.sx.f horizontal semi-circular canal; my,, myodome; pas,, 
parasphenoid ; pr.ot., pro-otic ; pr,ot,b., pro-otic bridge ; pt,ot., pterotic ; 
fi.oc., supra-occipital; sph.ot., sphenotic; v,, trigeminal foramen. 


Through the anterior opening emerges the Trigeminal 
nerve with the lateral line branches of the facial and through the 
posterior comes out the Hyomandibular branch of the Facial 
nerve All the nerves entering the chamber pierce the wall 
separating it from the cranial cavity. On the inner side of the 
wall are situated the trigeminal and facial ganglia in a special 
recess. 

The canal between the two openings of the chamber is* 
called the pars jugularis since the jugular vein passes through 
it, while the recess for the ganglia is called the pars ganglionaris. 
The canal and the recess together form the Trigemino-facial 
chamber. 
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The Epiotic (ep.ot ,)—the Exoccipitale of Allis—is roughly 
cone-shaped, and forms a part of the roof of the auditory cap¬ 
sule. From the posterior end of its flat and small dorsal sur¬ 
face arise the two bony Epiotic processes, the outer, small and 
directed slightly outwards, and the inner, long, directed back¬ 
wards and extending up to the posterior end of the skull. 

Mesially and antero-mesially, the epiotic adjoins the sup- 
ra-oocipital, ventro-laterally it adjoins the pterotic and poste¬ 
riorly the exoccipital. The middle of the mesial edges of the 
two epiotics almost meet but for the slender supraoccipital 
crest which separates them. Antero-ventrally the epiotic is 
slightly overlapped by the posterior edge of the parietal. At 
the origin of the epiotic processes there is a slight depression 
for the lodging of the distal end of the long process of the 
post-temporal. This process fits into the depression and is 
attached to it by muscles and therefore, is capable of some 
movement. 

The lateral and posterior sides of the bone meet posteriorly 
at an angle of 60°. The former, forms the mesial wall of the 
temporal groove. 

Internally, the bone is deeply concave, and its posterior 
and lateral faces are internally connected by a small bridge of bone 
enclosing a tunnel through which the posterior semi-circular 
canal passes. The epiotic is not traversed by the lateral line 
canal. 

The Pterotic {'pt. ot .)—the Squamosal of Allis—is an irre¬ 
gular bone occuring in the posterior dorso lateral corner of the 
skull, with its posterior end at a lower level than the anterior. 
Postero-laterally it has a bifid process, the Pterotic process, 
whose ventral margin is articulated to the dorsal edge of the 
opisthotic. Anteriorly the bone adjoins the posterior edge of 
the sphenotic, and antero-mesially the lateral edge of the parietal. 
Postero-mesially it adjoins the lateral surface of the epiotic and 
posteriorly it articulates with the exoccipital and the opis¬ 
thotic. 

The pterotic presents three faces, the dorsal, the lateral 
and the mesial, the last of these depressed and at a lower level 
than the other two. The dorsal face lodges the posterior part 
of the ill-defined dilatator groove. The mesial inferior face 
forms the lateral wall of the posterior depressed part of the tem¬ 
poral groove. 

On the lateral surface of the bone very near the dorsal 
margin is an elongated shallow groove or facet (l.f.pt.ot.) which 
lodges the posterior part of the articular head of the hyoman- 
dibular. The groove begins behind at the base of the pterotic 
process and inclines slightly ventrally as it proceeds anterior- 
wards and is continuous anteriorly with the deep socket on the 
lateral surface of the sphenotic which lodges the ball-shaped 
anterior part of the articular head of the hyomandibular. 
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The pterotic is traversed by the horizontal semi-circular 
canal which perforates internally the lower edge of the bone. 
Dorsally the pterotic is traversed by the otic section (3) or the 
temporal section (26) of the infraorbital lateral line canal. 

The Sjdienotic (sph.ot.) is a bone of irregular shape occur¬ 
ring dorso-JateralJy at the hind wall of the orbit. It is the 
anteriormost auditory bone, and has three sides, the dorsal, 
the anterior and the lateral. The anterior face is inclined 
forward and upward, and the lateral laterally and downward, 
each at right angles to the other. The dorsal face is more or 
loss rectangular in outline, while the other two faces are roughly 
triangular. On the lateral face of the bone very near its ventral 
apex is a deep, round socket for the accommodation of the 
anterior ball-like part of the articular head of the hyomandibular. 
This socket is continuous posteriorly with a lateral groove on the 
pterotic. 



Kig. 8. Skull bones—detached. 


a, Rostral ( X 2); Vomei ( x4), r, Paraspheiioid ( X 1^). 

a.a.p.t ontenor lateral asceuduig process of vomer; a.m.p..f anteiior 
median asoendmg process of vomer; b.vo.f body of vomer ; gr., median, 
groove on lostral for restmg over mes-ethmoid; i.c.Jr.b., anterior boundary 
of internal carotid foramen; pas.w., wing of parasphenoid; p.vo., posteiior 
V-shaped part of vomei. •' 


The sphenotic adjoins the pterotic posteriorly, the parietal 
at its i>08tero-me&ial comer, the dorsal edge of the pro-otic 
ventrally, and the aHsphonoid antero-mesially. There is no 
cartilage separating it from any of the bones. 

On the anterior or orbital face of the sphenotic there is a 
well-formed deep pit {sph a.p.) which 1 have noted in all speci¬ 
mens that I have examined. From the bottom of this pit 
there is a canal in the body of the bone, directed upwards and 
opening behind at the bottom of another large pit (aph.d.p.) 
frMptid posteriorly on the sphenotic, dorsal to the socket for the 
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hyomandibular articulation. Allis (3) has found a similar 
condition in the post-orbital ossification (sphenotic) of Scomber. 
He has also noted the passage of the ramus oticus facialis through 
the canal to the dorsal surface of the skull. He is of the opinion 
that it represents the spiracular canal of Amia. 

The internal surface of the sphenotic has a large conical 
depression which is usually filled with fatty tissue. 

The sphenotic is not traversed by the lateral line canal, 
but dorsaUy, on its lateral edge, just behind the margin of the 
orbit, is a small piece of bone with a base and a process arching 
over it to form a canal. The base merely rests on the lateral 
edge of the sphenotic and can be easily removed. 

The Opisthotic (op.ot .)—^the Tntercalar of Allis—is a small 
thin, irregular piece of bone bounded anteriorly by the pterotic 
and posteriorly by the oxoccipital. Postero-dorsally it has a 
small concavity for the reception of the distal end of the smaller 
process of the post-temporal. Tn front of the opisthotic there 
is a small latero-ventral foramen. The opistliotic has no connec¬ 
tion with the semicircular canals. 

4. Occipital Region, 

This is the hindmost region of the skull, connected with 
the otic region in front (one of its bones, however, reaching 
upto the frontals anteriorly), and posteriorly giving articulation 
to the first vertebra. It (jomprisos the following bones ; the 
dorsal, median supraoccipital, the ventral, ut dian basioccipital 
and the lateral exoccipitals. All the bones of this region are 
ossifications of the chondrocranium. 

The Supraoccipital {s.oc.) octuirs at the extreme hind end 
of the skull and has two parts, an anterior superior part, flush 
with the frontals etc., and a longer posterior inferior part inclined 
downwards and backwards at an angle of 120® to the former. 
The superior portion is slightly convex dorsally and concave 
internally, and extends in the form of a platform up to the 
hindmost point of the skull, Ventrally from about the anterior 
third of its length starts the inferior portion of the bone. This 
is slender, elongated and mu(;h narrower than the superior. 
The superior portion adjoins antero-mesially the postc^rior part 
of the frontal; antero-laterally it is overlapped slightly by the 
mesial edge of the parietal; and laterally it adjoins the mesial 
edge of the epiotic. Beyond the epiotic it runs as the small 
horizontal platform. The inferior portion adjoins antero- 
laterally the inferior mesial portion of the epiotic, and postero- 
laterally the exoccipital. Its posterior end merges impercep¬ 
tibly into the supraoccipital crest. 

The supraoccipital crest (a.oc.c.), or spine as it is usually 
called, arises from the anterior end of the superior part of the 
bone as a ridge and is directed backwards and upwards. This 
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ridge separates the supratemporal grooves of the two sides. 
The crest is thin and transparent and its posterior two-thirds 
can be clearly differentiated into two portions, an upper small 
portion and a lower portion with a curved posterior end which 
goes directly down and meets the two exoccipitals in the mid¬ 
dorsal line. These two parts of the crest are separated by the 
horizontal platform-like posterior prolongation of the antero- 
superior portion of the body of the supraoocipital. There is 
no special spine-like ending of the crest as in some Teleosts 
(Scomber). 

The supraoocipital bone does not take part in the formation 
of the boundary of the foramen magnum nor is it traversed by 
the lateral line canal and its branches. 



Fia. 9. Bones of the Otic region of the Skull—disajrticulated (X 1J). 

a, External view of left pro-otic; 6. Internal view of left pro-otio • c 
Internal view of left pterotic ; d. External view of left pterotic : c. Dorsal 
view of epi-otic. ’ 

deprossed part of pro-otic; o.*.c., anterior Beroi-circular 
Pwf of epi-otio; d^p.ot.p., depression on roi- 
otio prowss for lodgement of post-temporal limb ; d.pt.ott depressed pSt 

process (short); epi-otic piX»s 

liwSil’ semi-rircular canal; tTiJ-c., otic section of infra- 

elevated part of pro-otic; 
pr.pt.b., pro-otic bri^; pt.ot.p., pterotic process; a.ep.ot., superior part 
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The Basioooipital (6.oc.) is a large mid-ventral bone at the 
posterior end of the skull, broad anteriorly and gradually nar¬ 
rowing posteriorly. The thick posterior end of the bone has 
a deep concavity resembling that of the centrum of a vertebra, 
with its ventral surface slightly longer than the dorsal and the 
depth of the concavity almost equal to its diameter. The 
posterior end of the bone is connect^ to the anterior end of the 
first vertebra by' ligaments. The anterior end of the first 
vertebra also has a deep conical depression which together with 
that on the posterior end of the basioccipital, forms between 
the two bones a compact space filled with notochordal tissue. 

The myodome is not continued into the basioccipital but 
stops with the posterior end of the parasphenoid. Mid-dorsally 
on the basioccipital is a longitudinal ridge running its entire 
length and abutting anteriorly against the posterior end of the 
eye-muscle-canal. 

Anteriorly the basioccipital has a ventral V-shaped depres¬ 
sion in which the posterior part of the parasphenoid fits. Pos- 
tero-ventrally also, on the vertebra-like part there is a small 
depression. 

The basioccipital gives articulation to the parasphenoid 
mid-anteriorly, to the pro-otic latoro-anteriorly, and latero- 
dorsally on each side it supports the corresponding exoccipital. 

The two horizontal mesial processes from the exoccipitals 
form thi^ floor of the foramen magnum and separate it from 
the baskiipcipital, which consequently does not take part in the 
formatiott of the foramen. 

The Exoccipital (ex,oc .)—^the ‘ Occipitale Laterale ’ of Allis 
—is a paired bone occurring one on each side and together forming 
in their posterior parts, a complete boundary for the foramen 
magnum. Three parts can be recognised in each exoccipital. 
There is a dorsal wing-like part, a middle inner mosially directed 
horizontal process, and a ventral wing. The dorsal process is 
at an angle of 60® to the horizontal process and the ventral 
process almost at right angles to it. The horizontal process 
meets its fellow in the middle line forming a platform—the floor 
of the foramen magnum. 

The lateral expansions of the bone—the so-called Parocci- 
pital processes—described in many fishes (c.g., Labeo rohita by 
Sarbahi, 52) do not occur here. 

Antero-laterally, the exoccipital adjoins the pro-otic, 
antero-dorso-laterally the pterotic, and antero-dorsally the 
epiotic. Dorso-medianly it unites with its fellow of the opposite 
side, and the adjoining edges of the*two bones are more or less 
covered externally by the lower edge of the posterior part of 
the supraoccipital crest. Ventrally, each exoccipital rests on 
the corresponding lateral uplifted edge of the basioccipital. 
The posterior part of the dorsal wing of each exoccipital is thick- 
considerably and this, with the corresponding thickening 
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Fia. 10. Skull bones—detached ( x ij). 


a. Side view ol snpra-oocipital; 6, Dorsal view of supra-oocipital; c. 
Ventral view of supra-oocipital; d. External view of left ex-occipital; 
e, Internal view ot left ox-occipi^al; /, Ventral view of basi-occipital; 
g. Dorsal view of basi-occipital; A, Dorsal view of loft post-temporal. 


b,oc.d,t depression on basi-occipital for lodging parasphenoid; b.ocA.r.^ 
dorsal ridge on basx-occipital; b.oc.p., posterior articulatory part of basil 
occipital; b.8.oc., body of supra-occipital; cr.oc./., ex-occipital facet; 
ex.oc^p,, posterior ex-o(‘cipital process; occ.n., foramen for occipito-spinal 
nerve ; p.temp,k., knobs on post-temporal for supra-cleithral articulation ; 
p.temp.pi., post-temporal process (long); p.temp. p2'» post-temporal process 
(short); p.iemp.t, p., thin laminar part of post-temporal; s.oc.c., supra- 
occipital crest; a.oc.p., internal platform of supra-occipital; v.oc.c., ventral 
margin of occipital crest uniting with ex-occipitals ; ix., x., foramina for 
glossopharyngeal and vagus nerves. 
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of the other side, forms the strong lateral and dorsal boundary 
of the foramen magnum. Between the dorsal and the ventral 
wings, at the level of the horizontal process, is an external, 
stout ridge which runs lateraUy throughout the length of the 
bone and widens out posteriorly into the large flat oval exocci- 
pital facet for articulation with a similar facet on the first 
vertebra. The facets occur below the floor of the foramen 
magnum and above the circular concavity of the basioccipital. 

About the middle of the length of the exoccipital and ventral 
to the lateral ridge on it, is a large oval foramen for the passage 
of the glosso-pharyngeal and vagus nerves. Posterior to this 
and dorsal to the ridge is another large foramen, which with 
one or two more minute foramina occurring in this region forms 
the exit of the spino-occipital nerves. 

{ 1 ) Visceral Skeleton. 

In all Gnathostomes, the Visceral Skeleton is made of 
seven visceral arches, which arise from the splanchnic mesoblast, 
and are originally quite independent of the chondrocranium 
proper (neurocranium) and lie in the pharjmgeal wall internal 
to the coelom. Each arch at first arises as a half loop, the two 
halves later uniting in the mid-ventral line to form a single arch. 
The union of all the arches in the mid-ventral line gives rise to 
the visceral skeleton or basket. 

The behaviour of the first two of these seven arches is 
interesting. Their connection with the ^ hondrocranium is 
established early. The first or the Mandibular arch gives rise 
to two cartilaginous pieces—the Palato-quadrate and the 
Mandibular or MeckeFs Cartilage. In Teleosts the palato- 
quadrate or the palato-pterygo-quadrato bars of the two sides 
do not meet in front in the middle line but become connected 
to the lateral ethmoidal processes. The posterior quadrate 
part serves to support the MeckeFs Cartilage and the anterior 
pterygo-palatine part forms the roof of the palate. The Pre¬ 
maxilla, the Maxilla and the Dentary arise dormally and bear 
the biting teeth. The MeckeFs Cartilage is usually replaced 
by the dermal Dentary, Articular and Angular. 

The second or the Hyoid arch gives rise to the Hyoman- 
dibular which connects the two jaws to the auditory capsule, 
and the Hyoid arch or Cornu. 

The remaining five arches are the Branchial arches which 
are loosely attached in front to thq hyoid arch. Only the first 
four support the gills, while the last is transformed into the 
so-called Inferior Pharyngeal bones which bear teeth used in 
mastication. Each branchial arch is sub-divided into paired 
dorsal Pharyngo-branchials, Epi-branchials, lateral Cerato- 
branchials, and ventral Hypobranchials, united together in 
the nxid-ventral line by a me^an unpaired BasibranohW, 
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Fig. 11. Internal view of right opercular skeleton ( X IJ). 


a.g., articulatory head of quadrate; c.i., cartilaginous interspace; ec^pt., 
ec to-pterygoid; en.pt., ento-pterygoid ; hind., hyomandibular ; hmd.sph., 
process of hyomandibular articulating with sphenotic depression ; int, op,, 
inter-operculum; I.f.hmd longitudinal facet of hyomandibular for articula¬ 
tion with pterotic; l.i.hy., foramen for ligament from interhyal to sphenotic; 
mt.pt., meta-pterygoid ; op., operctilum ; p.hmd., posterior articular process 
of hyomandibular for the opercular ; p.op., pre-operculum ; q., quadrate ; 
r.h.f., foramen for ramus hyoideus facialis; r.hm.f., foramen for ramus 
hyomandibularis facialis ; r.in.f., foramen for ramus mandibularis facialis ; 
8,op., sub-operculum : sym., symplectic. 


1. First or Mandibular Arch. 

The first or the Mandibular arch, as stated before, divides 
into two parts—the Palato-pterygo-quardate bar and the 
Meekers Cartilage. The former is ossified into three bones, 
the Quadrate, the Palatine and the Metapterygoid, and it gets 
attached to the cranium to form the primary upper jaw. Two 
dermal bones, the Ecto-pterygoid and the Endo-pterygoid, 
get later on added to the bar. None of these bones forms the 
gape of the mouth. The adult upper jaw is formed of two 
dermal bones, the Premaxilla (Premaxillary) and the Maxilla 
(Maxillary), the former alone forming the margin and bearing 
teeth. 

The Meckel’s Cartilage is ossified only in the articular 
region and persists as a small rod of cartilage in the adult lower 
jaw. Two bones, the Dentary and the Angular, are later on 
added to it. These two and the articular together form the 
adult lower jaw. 

The Upper jaw is attached to the auditory region of the 
cranium by the intervention of the Hyoman^bular and the 
Symplectic. In front it is attached by the Palatine to th^ 
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ethmoidal region. It oomprises the Palatine, the Ento-pterygoid 
(Endo-pterygoid, Meso-pterygoid), the Eoto-pterygoid (Trans- 
palatine), the Quadrate, the Metapterygoid, the Premaxilla 
and the Maxilla. 

The Palatine (pcU,) is a large, thin, transparent, edentulous 
bone with a pointed posterior end which abuts against the 
anterior surface of the downwardly bent arm of the ecto-ptery- 
goid. Its ventral edge is smooth and concave, while its dorsal 
edge is quite straight but for a few bony splints-at its anterior end. 
Directed outwards from the dorsal edge is a thin tall ridge of 
bone exactly at right angles to the leaf-like body of the bone. 
This ridge runs anteriorly and merges into a thick and massive 
articulatory process arising from the anterior end of the palatine. 
The process is directed downwards and outwards, and dorsally 
at its base is a deep V-shaped concavity into which the ventral 
ball-like knob of the lateral ethmoid fits. Anterior to this 
depression is a dorsal ill-defined facet which glides under a similar 
one found dorsally on the lateral ethmoid at the base of the 
lateral ethmoidal process. 

Ventrally also there is a small facet on the palatine at the 
base of its articulatory process. This facet glides over a flat 
surface at the lateral comer of the diamond-shaped head of the 
vomer. 

The articulatory process of the palatine is directed ante¬ 
riorly, its tip being lodged in a depression on the anterior dorsal 
edge of the maxilla and bound to it by connective tissue. Antero- 
dorsally, the palatine has splint-like pro'^* sses (behind the 
articulatory process) which articulate with similar processes 
at the anterior end of the ecto-pterygoid. For the rest of the 
length of its dorsal edge it adjoins the ventral edge of the ento- 
pterygoid. 

The Endo-pterygoid (en.pt.) —Pterygoid—is a leaf-like tri¬ 
angular bone occurring dorsal to the palatine and the eoto- 
pterygoid. Anteriorly it unites with the palatine ; its whole 
lateral edge adjoins the ecto-pterygoid, and posteriorly it passes 
inwards of the meta-pterygoid uniting with the inner face of 
that bone. From its lower posterior angle there is a splint¬ 
like process which unites with the inner face of the quadrate. 
The mesial edge of the endo-pterygoid is free. The whole bone 
is quite transparent except at the posterior lower angle where 
ossification is pronounced. 

The Ecto-pterygoid (ec.pt.) is a well-ossified, laterally 
compressed, L-shaped bone with its long arm wedged in between 
the endo-pterygoid and the palatine and the short, pointed 
arm, about half the length of the former, bent downwards and 
backwards. The dorsal edge of the long arm adjoins the 
lower edge of the endo-pterygoid throughout while its ventral 
edge adjoins the palatine only for the anterior three-quarters 
of its Imigth. Ventrally, the bone has a V-shaped depresaim 
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slightly anterior to the bend and in this is received the pointed 
posterior end of the palatine. The entire posterior edge of 
the short arm adjoins the quadrate while its anterior edge is 
free. 


art. 



Fia 12. External view of left half of lower jaw ( X 2). 


a J q i facet on the artieular for quculiate ; anq , angular ; articular ; 
cl j y canine of lower jaw ; f/., dentary , md 1 c , mandibular ^fiteral line 
canal. 


The Quadrate (q) is a triangular hone with straight dorsal 
and ventral edges and a convex posterior edge, and resembling 
a quadrant of a circle. Tt fits into the lower part of the concave 
anterior end of the pre-opercular bone, and is thickened along 
the posterior edge, with a shallow groove extending upto very 
near its posterior angle. Into this groove fits the anterior end 
of the pre-opercular. The posterior thickening is also continued 
dorsally to a short distance beyond the body of the bone as a 
small process behind the symplectic. 

At the posterior lower angle of the quadrate there is an 
articular surface {a.q.) which is concave in a transverse direction 
and convex in the longitudinal. This surface usually possesses 
a cartilaginous lining and gives articulation to a corresponding 
surface at the posterior dorsal surface of the articular of the 
lower jaw. 

On the inner surface of the quadrate, parallel to its posterior 
convex edge, is a long V-shaped groove the apex of the V almost 
reaching up to the articular surface of the bone. This groove 
lodges the symplectic bone. The symplectic, however, does 
not entirely fill the groove, and the small amount of space between 
it and the posterior dorsal process of the quadrate is occupied 
by the ramu8 mandihularis facialis which passes throuch this 
region. 

Dorsally, separating the quadrate and the lower edge 
of the meta-pterygoid, is a thin line of cartilage. Antero-dorsally 
it unites with the posterior splint from the endo-pterygoid. 
Antero-ventrally it unites with the posterior end of the down¬ 
wardly directed short arm of the ecto-pterygoid. 
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The Meta-pterygoid {mt.'pt.) is a large roughly four-sided 
bone lying dorsal to the quadrate and ventral to the hyoman- 
dibular. Its anterior edge is free except at its lower third where 
it overlaps the posterior end of the cndo-pterygoid. Dorsally 
it articulates with the ventral edge of the main body of the hyo- 
mandibular. Posteriorly the upper hall’ of its edge adjoins the 
rod-like process of the hyomandibular and slightly overlaps it. 
The lower half of its posterior edge adjoins the symplectic 
which is also overlapped by it. 

Ventrally the meta-pterygoid possesses tiny bony splints 
which pass inner to the cartilaginous lining separating it and 
the quadrate. 

About the middle of the dorsal edge of the bone there is 
a slight indentation which partially bounds a circular opening 
{lAJiy,) directed upwards. A similar indentation on the ventral 
edge of the hyomandibular completes the boundary of the 
opening through which a large tendon-like ligament passes 
dorsalwards (from internal to the hyomandibular arch) and is 
inserted on the antero-lateral corner of the sphcnotic. The 
other end of the ligament is connected to the interhyal bone. 



a.f.g., facet on the articular for quatlrato; a//r/., angular; art., articular ; 
d., dentary ; m.c., meckel’s cartilage. 


The Premaxilla (pmx.) is a long curved bone slightly shorter 
than the maxilla and with a sharp posterior end. Its triangular 
anterior end which is upwardly and baokwardly directed (with 
the apex of the triangle directed upwards) forms the anterior 
ascending process (a.a.pmx.) of the bone. There is a posterior 
ascending process (p.a.pmx.) broader but shorter than the anter¬ 
ior, situated slightly in front of the extreme posterior end of 
the bone. Between the two processes the bone is slender and 
rod-like. 

In front of the anterior ascending process of the premaxilla 
there is a laterally compressed process (f.a.pmx.) ascending 
at right angles to the body of the bone, pointed at its free end 
and directed upwards and slightly forwards. Its free end is 
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almost united to the end of its fellow of the opposite side and 
bound to it by connective tissue, and the two processes lie over 
the rostral, completely hiding it from view. The processes 
are so long that they abut against the median line of the frontal 
region. They meet dorsally, enclosing a triangular depression 
between them at the anterior end of the skull and in the basal 
part of this depression lie the tips of the canines of the lower 
jaw when the mouth is closed. The nasal bone lies on the side 
of each process. 

The straight ventral edge of the premaxilla bears a strong 
lateral ridge throughout its length. Posterior to the second 
anterior ascending process, the whole premaxilla is overlapped 
by the maxilla, and only the anterior ascending process, the 
ventrolateral ridge and the part of the bone below it are visible 
externally. There is no definite articulation between the 
premaxilla and the maxilla, but the second anterior ascending 
process of the former has at its inner posterior surface a knob 
which fits into a socket at the anterior end of the latter. 

The whole ventral edge of the premaxilla bears^two rows 
of teeth, an outer, consisting of a few large downwardly and 
backwardly directed stout teeth, and an inner zig-zag row of 




Fio. 14. The maxillcury bones (X 1}). 
a, The pre-maxilla; b, The Tnaxllla. 

aM.mx.f anterior ascending process of maxilla ; a,a.pmx,, anterior ascending 
process of pre-nuixilla ; con,mx., concavity for lod^ng the second anterior 
ascending process of pre-maxilla ; c.u.y., canine of the upper jaw ; d.can,. 
position of fallen canine ; d.mx., U-shaped depression on ma^^la lodging 
the palatinal process: f.a.pmx., pointed, flat, anterior ascending process 
of pre-maxilla; k,mx., knob of maxilla gli^ng over lateral ethmoid; 
mx.up., inwardly directed process of maxilla ; p.a,pfnx., posterior ascending 
process of pre-maxilla; pmx.h., compressed l^dy of pre-maxilla. 
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more numerous, small, villiform teeth. Very often no definite 
row may be recognised, the whole edge of the bone inner to the 
outer row being studded with teeth. One or two teeth of the 
outer row, on either side of the middle line, may be specialised 
into large canine teeth characteristic of Otolithus. Two canines 
usually occur on each half of the upper jaw, but occasionally 
three on one side and two on the other, and more rarely three 
on each side. On the anterior end of each dentary, are slight 
depressions with small canals at their bottom and into these 
canals are lodged the tips of the premaxillary canines when the 
mouth is closed. 

The gape of the mouth is formed entirely by the pre¬ 
maxilla. 

The Maxilla {mx.) is a long, thick, curved bone, very broad 
behind and abruptly becoming narrow in front and lying dorsal 
to the premaxilla. Anteriorly it has a small ascending process 
(a.a.mx.). In front of this the bone has another process, thick, 
stout and directed inwards, downwards and slightly forwards 
(mx.i,p.). On the anterior face of the bone, at the origin of this 
process, is a deep cancavity (con.mx.) into which the second 
ascending process of the premaxilla fits. The dorsal wall of the 
concavity is raised up and terminates in a well-defined knob 
(fc.mar.) which articulates with the ect-ethmoid of its side in front 
of the lateral ethmoidal process. The inwardly directed stout 
process is connected to the antero-lateral side of the vomer 
by fibrous tissue. Posterior to the depression mentioned above 
and in front of the small process of the uiaxilla, is another 
U-shaped depression {d,mx.) which lodges the tip of the anterior 
process of the palatine. 

The maxilla is convex on its outer surface. It overlaps 
the premaxilla throughout, the latter bone reaching to about 
three-fourths of the length of the former, and its posterior end 
lies over the anterior part of the articular. 

The maxilla bears no teeth and takes no part in the forma¬ 
tion of the margin of the upper jaw. External to it lies the 
lachrymal with its anterior edge adjoining the nasal and hiding 
completely from view nearly five-sixths of the maxilla. The 
pre-orbital covers the postero-dorsal part of the maxilla. 

The Lower jaw, as already stated, is in the form of 
a single cartilaginous piece—^the Meckel’s Cartilage—^which 
secondarily gets partly replaced by bone and also has dermal 
bones attached to it. Thus in the adult fish three bones are 
recomiized, the Dentary, the Articylar and the Angular. The 
Meckel’s Cartilage may also persist in the adult, as in Otolithus, 
as a slender cartilaginous rod. 

The double origin of each of the three bones of the lower 
jaw is interesting. The articular and the angular are formed 
by. the fusion of endochondral and dermal elements. Simi¬ 
larly the dentary originates as the result of a fusion between 
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a true dermal dentary and a small anterior endochondral element 
which probably represents the Mento-Meckelian (35, 49, 50 
and 45). 

In the lower jaw of Otolithus all the three bones and the 
Meekers Cartilage are present. 

The Dentary (d.) is a large, broad, elongated bone, narrow 
in front and of uniform breadth posteriorly, having, in this region, 
a V-shaped indentation on its inner aspect. Laterally, on the 
outer face of the bone at about the middle of its breadth and 
running its whole length is a strong ridge below which is a broad 
shallow groove with the anterior end of the mandibular lateral 
canal situated in it. 

The whole dorsal edge of the dentary except the hind ex¬ 
tremity bears a single row of small well-developed teeth. On 
either side of the mid-anterior line there is a large canine on 
each dentary. The two canines lodge in the depression between 
the two anterior ascending processes of the premaxillee, in the 
closed condition of the mouth. 

The anterior end of the dentary bends slightly ^mesially 
and unites with its fellow of the opposite side along a straight 
line but the surface of the uniting end is rugged. 

The V-shaped indentation is continued in the interior 
of the bone to its front end, as a tiny groove maintaining a 
dorsal position. Into this groove extends the anterior end of 
the Meckel’s Cartilage. 

Mesially at its anterior end there is a longitudinal depression 
on the dentary for the insertion of the intermandibularis muscle. 

The Articular (art.) is a large, irregular, thick bone with 
two anterior triangular processes, a long dorsal and a short 
ventral, the former nearly twice as long as the latter, and the 
two meeting at an angle of about 30°. From this angle starts 
the meckel’s cartilage. The dorsal process runs into the internal 
groove in the dentary. The ventral process merely abuts 
against the posterior end of the ventral half of the dentary. 

Dorsally, at the extreme hind end of the articular there 
is a depressed articular surface for articulation with the quadrate, 
concave in the longitudinal direction of the bone and slightly 
convex in the transverse. The posterior end of this, surface 
rises upward as a process which is slightly bent and rests in a 
corresponding recess at the hind end of the quadrate. A thin 
lining of cartilage was noticed on the articular surface. 

The external face of the ventral half of the articular presents 
a shallow groove in which the posterior part of the mandibular 
lateral canal (mdX.c.) is lodged. 

Postero-ventrally the articular unites with the anterior 
end of tlie angular. The articular bears no teeth. 

The Angular (ang.) is a small triangular bone found attached 
to the ventral half of the posterior edge of the articiilar, beneath 
the articular surface on that bone. The narrow and blunt 
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posterior edge of the angular has a small lateral process and 
is directed slightly downwards. Anterior to this process is a 
depression to which is attached a strong tough ligament whose 
broad posterior end is inserted on the inner surface of the inter¬ 
operculum. The angular is not traversed by any part of the 
lateral line canal. 

The Meckel’s Cartilage (w.r.) is a long, thin, cylindrical 
rod of cartilage arising from the angles formed by the dorsal 
and ventral anterior processes of the articular, and extending 
forwards into the internal groove in the body of the dentary 
and terminating very near to the anterior end of that bone. 

The Working of the Jaws : The maxillary, yiremaxillary and 
the rostral are strongly bound together by fibrous or ligamentous 
tissues, and the premaxillary is similarly bound to its fellow 
of the opposite side. The five bones (two maxillaries, the two 
premaxillaries and the rostral) thus form a c(jnipact single 
piece with little movement between the components. The whole 
piece forms the upper jaw of the fish and is (5a])able of a (jortain 
amount of movement upon the anterior end of the (iranium 
to which it is attached not only by fibrous tissue but also, on 
each side of the head by the ethmoido-maxillary ligament. This 
arises on eacih side of the mesethmoid bone and passes beneath 
the lachrymal and is attached to the outer face of the anterior 
end of the maxilla ^f its side. From the apex of the mesial 
face of the pointed nrst anterior ascending process of the pre¬ 
maxillary there arises a stout ligament which passes over to 
the opposite side lying over the similar procest- - if the jiremaxilla 
of the other side, and is inserted on the anterior ascending 
})rocess of the palatine of the opposite side. This condition 
recalls that found in the skull of the Haddock (23). 

In the closed condition of the mouth, the shanks of the 
premaxilla and maxilla pass upwards, internal to the lachrymal, 
and are hidden from view by that bone, its lower edge forming 
the margin of the upper lip. A slight fold of dermal tissue of 
the lip extends upwards between the maxillary and the pre¬ 
maxillary. A second fold extending from the hind part of the 
mandible to very near the anterior end of the snout, lies between 
the maxillar}^ and the lachrymal. The hind ends of the pre- 
maxilla and the maxilla are slightly enlarged and strongly bound 
together by dermal tissue. When the mouth is closed these 
hind ends lie in a depression on the outer surface of the lower 
jaw at its posterior dorsal end. They are also connected to 
the mandible by strong dermal tissi^e which puUs them down¬ 
wards and forwards when the mouth is opened. They are 
pulled back to position by the same tissues when the mouth 
is closed, but in addition there is the action of a long tendon 
of the adductor mandibulae arising from the lower end of the 
muscle and inserted on the external face of the maxillary at its 
ventral edge very near its anterior end. 
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2. Second or Hyoid Arch, 

The second or Hyoid arch, like all the other visceral arches, 
consists of two half-loops united together by a median basihyal. 
Each half-loop divides into two portions, (1) a dorsal Hyoman- 
dibula which ossifies into two bones, a Hyomandibular bone 
above, articulating with the auditory capsule, and a Symplectic 
below connected with the quadrate, and (2) a ventral Hyoid 
Cornu which ossifies into three bones. These are, from above 
downwards, an Epihyal, a Ceratohyal and a Hypohyal, the 
last of these being double. The hypohyals of the two sides 
are united by the median Basihyal or Copula. A small rod- 
shaped bone, the Htylo-hyal or Inter-hyal lies between the 
dorsal edge of the epihyal of the Hyoid Cornu and the symplectic 
of the hyomandibula 

The four dermal opercular bones are connected to the Hyoid 
arch. There are seven Branchiosk^gal rays all of them con- 



Fxg. lo. KxbornHl view ot Jeft hyomaiidibulo-symplectic and 
palato-quadrate apparatus (xli). 


a,p,pai,f anterior articulatory process of palatine; c.t., cartilaginous 
interspace ; con.poZ., concavity on palatine for ventral bfidl-like ect-eth- 
moidal knob ; 60 ,pt., ecto-pterygoid; 6n,pt., ento-pterygoid; f.vo.pal, 
facet of palatine fitting into lateral corner of vomer ; hyomandibular ; 
hmd,8ph,, hyomandibula process for articulating with sphenotic depres¬ 
sion ; Lf,hind,t longitudinal facet of hyomandibular for articulation with 
pterotic; foramen for ligament from interhyal to sphenotic ; 

meta-pterygoid; poZ., palatine; pcU,€th,, palatinal facet for gliding 
beneath ect-ethmoidal facet; p.hmd,, posterior articular process of hyo- 
mandibular for operculum ; 1., quadrate; r,hm,f., foramen for ramus 
hyomondibularis facialis ; sym., symplectic. 
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nected to the epihyal and ceratohyal. The median Urohyal 
or Basi-branchiostegal bone is present and occurs posterior to 
the basihyal. 

The Hyomandibula forms the siispensorium for the two 
jaws and this condition where the jaws are attached to the skull 
through the intervention of the hyomandibula is called Hyostylic,^ 
a mode of suspension characteristic of all Teleosteans and 
the majority of the Selachii. 

The Hyomandibula results in two ossifications, the Hyo- 
mandibular and the Symplectic. 

The Hyomandibular (hmd.) has an irregular flat body with 
a posterior ventrally directed, rod-like process. Anteriorly, 
dorsally, and posteriorly the body of the bone has three articular 
surfaces. The anterior and posterior ones are ball-like, rounded 
and situated at the end of small processes from the bone. The 
anterior process is directed forwards and upwards and the 
posterior, backwards and downwards. The dorsal articular 
surface is elongated. All these articular surfaces are capped 
with cartilage in the fresh condition. The anterior ball-like 
surface (hmd.sph.) fits into the lateral depression on the sphenotic;, 
the dorsal elongated surface (l.f.hmd.) into the lateral ventral 
groove on the pterotic, and the posterior knob (p.hmd.) gives 
articulation to the opercular bone. 

The inner face of the bone is smooth while on the outer, 
there are two well-marked erect ridges. One of these is situated 
on the posterior ventral process running parallel to it and 
lying on its posterior edge; the other starts from the middle 
of the hyomandibular and is directed forwards and downwards 
making an angle of 45® with the former. The second ridge 
separates the body of the bone anterior to the postero-ventral 
process, into two parts. Behind it, on the postero-ventral 
process there is a deep groove the outer wall of which is formed 
by the ridge itself. Into this groove fits the dorsal i)art of the 
anterior end of the pre-opercular. 

About the middle of the anterior edge of the hyomandi¬ 
bular, immediately behind it and also partly covered by it is 


1 According to Huxley three typos of jaw-suspension can be distin¬ 
guished : In Dipnoi and possibly in the Holocepholi, we get the Autoa- 
tylic type where the hyomandibular takes no part in the suspensoriuni 
and the quadrate region articulates directly with the auditory region 
of the skull. 

The second type, the Hyoatylic, is found in the majority of Selachii 
and in all the Teleostoires, Here the quadrate region is articulated to 
the skull through the intervention of the hyomandibular. 

The third and last type is the Amphiatylic type, which occurs only 
among the more primitive Chondrichthyes (Notidani and early Hetero- 
donti among Selachii, Pleuracanthodii, Aoanthodii, Cladosolachii). In 
this case there exists an otic process which serves to connect the quadrate 
region directly to the skull, and in addition to this the hyomandibular 
also takes part in the suspension. (Goodrich, 35 : Studies on the Struc¬ 
ture and Development of Vertebrates, p. 409 et. seg.). 



36 


M. DHABMABAJAN 


[VOL. n, 


a circular opening (r.hm.f.) facing downwards and leading into 
a small canal in the bone, whose other opening is found on the 
internal face of the bone itself. This canal and ojwning is for 
the passage of the ramus hyomandibularis facialis. Slightly 
anterior to this is another opening (l.i.hy.) which faces upwards 
and leads downwards into a canal which also opens internally. 
Through this the ligament from the inter-hyal passes and ends 
on the antero-lateral comer of the sphenotic. 

In front of the proximal end of the postero-ventral process 
of the hyomandibular and near the ventral end of the anterior 
ridge of the bone, the posterior edge of the metapterygoid 
sends a process which projects backwards and internal to the 
hyomandibular. Externally, however, both the hyomandi¬ 
bular and the metapterygoid unite. There is thus a V-shaped 
recess enclose^d internally on the hyomandibular in this region. 
The dorsal end of this recess terminates in the opening through 
which the hyomandibularis facialis passes out from internal to 
the hyomandibular. After this, the nerve divides into two, a 
slender branch—the hyoideus facialis—entering a sm^ll fora¬ 
men (r.h.f.) very near the distal end of the postero-ventral 
process of the hyomandibular, between it and the anterior edge 
of the pre-opercular, and a stouter branch—the mandibularis 
facialis—entering a large foramen (r,m.f.) situated ventral to 
that of the hyoideus facialis, between the symplectic and the 
pre-opercular. 

l)orsally, the hyomandibular adjoins tho pteroti(5 and 
ventrally it unites with the metapterygoid. Its postoro-ventral 
j)roce8S passes j)osterior to the metapterygoid and stoy)8 a litthi 
above the dorsal tip of the symplectic? from which it is separatcHl 
by a strip of cartilage. The process lodges the dorsal half of 
the anteric^r edge of the pre-operculum. Internal to the pre- 
operculum extends the j)osterior articular process of the hyoman¬ 
dibular which gives articulation to the opercular. 

The Symplectic (sym.) is a long roughly triangular bone 
extending from below the base of the postero-ventral process 
of the hyomandibular to very near the articular surface of the 
quadrate. Its lower half is situated internal to the quadrate 
and lies in a corresponding groove on the inner face of that 
bone. 

The base of the triangle' is situated above and the apex 
l)elow. The dorsal half of the bone lies between the posterior 
edge of the metapterygoid and the margin oi‘ the pre-operculum. 
Dorso-anteriorly the symplectic gives off a small strip of bone 
with splints at its free edge. This strip passes internal to the 
metapterygoid and unites with it. Postero-ventrally also there 
is a longer but narrower strip which secures union with the 
quadrate. Above the dorsal ^ge of the 83nnplectic is a small 
cartilaginous interspace which separates the bone from the end 
of the postero-ventral process of the hyomandibular. Inter- 
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nally, on the interspace of cartilage is a depression into which 
fits the dorsal head of the inter-hyal. 

Between the dorsal end of the posterior edge of the symp- 
leotic and the pre-operculum is a large oval opening which 
transmits the ramus mandibularis facialis from the outer surface' 
of the hyomandibular to the inner surface of the quadrate. 

3. Hyobranrhial Skelefort. 

(a) Hyoid ('ormi. 

The Hyoid Cornu, is also called the Hyo-branchial skeleton 
owing to its close connection with the branchial arc*hes (35). 

Each half of the cornu is attached posteriorly to the inner 
face of the postero-ventral end of the hyomandibular and an¬ 
teriorly the two halves are united by the median basihyal. 



Fig 16. External view of loft lialf of hyoid oomu. (basi-hyal 
omitted) (Nat. Size). 

the first to tho sovonth branchiostegals (heads only shown); 
c.i.f cartilaginous interspace (depressed); c./m/., oerato-hyal ; d.brg., 
depression for attachment of branchiostegals ; e.hq.f epi-hyal; 
first hypohyal; /f.%2- second hypohyal; i.hj/., intcr-hyal ; s.c.hy,, splints 
from cerato-hyal for union with epi-hval. 

Th(' four elements that go to make up each half of the 
cornu are the Epihyal, the CJeratohyal, the paired Hypohyal and 
the Interhyal; there is then the median Basihyal. 

The Epihyal (e.hy,) is a triangular bone oi'curring posterior 
to the ceratohyal. It is pointed posteriorly and here on the 
dorsal edge, slightly inwards, is a depression into which fits 
the proximal end of the interhyal. Anteriorly the epihyal is 
broad and adjoins the posterior edge of the ceratohyal. Between 
the ceratohyal and epihyal is a distinct interspace of cartilage 
whose upper half is interrupted by splints arising from the two 
bones and uniting with one another. On the inner face the 
splints are more numerous and the cartilaginous connection is 
scarcely visible except at its lowest end while on the outer, 
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the splints invest only the upper half of the cartilage the lower 
half being clearly visible. 

Anteriorly on the lower half of its outer surface, the epihyal 
has a semi-oval depression which accommodates the head of 
the posteriormost and largest branchiostegal ray. 

The epihyal, according to Allis (3) is also considered as 
the proximal ossification of the ceratohyal. He considers 
the epihyal and ceratohyal as one bone with two ossifications, 
a proximal and a distal. 

The Ceratohyal (c.%.) is a long bone, about thrice the length 
of the epihyal, with a very broad proximal or posterior end and 
narrowing, first suddenly and then gradually, towards its 
anterior end. Its posterior edge is curved and united to the 
anterior edge of the epihyal, while its dorsal and ventral edges 
are concave. Anteriorly, there is a dorsal indentation on the 
bone, which gives articulation to the upper hypohyal. The 
ventral half of the anterior end projects forwards and unites with 
the lower hypohyal. Postero-laterally, on the lower half of the 
bone is a small semi-oval depression to which the first six bran- 
(jhiostegal rays are attached by ligaments. * 

The Hypohyals h.hy.^.) are two in number, a dorsal 

and a ventral, the former being the longer of the two. Both 
are triangular in shape with curved anterior edges and the apex 
pointing backwards. On its dorsal anterior comer the dorsal 
hypohyal has an articular surface which gives articulation to 
the posterior end of the basihyal. It is only the dorsal hypo¬ 
hyal that secures union with the basihyal, the ventral hypohyal 
being bound in the middle line to its fellow of the other side. 

Separating the dorsal hypohyal from the ventral and also 
from the dorsal anterior edge of the ceratohyal is a distinct strip 
of cartilage. Such a strip does not, however, exist between the 
ventral hypohyal and the ceratohyal. Splints of bone arising 
from the hypohyals and the ceratohyal interrupt the cartila¬ 
ginous lining and unite the bones with one another. 

The Interhyal (i.hy .)—the Epihyal of Allis, also known 
as the stylohyal—^is a short, rod-shaped bone with a fiat dorsal 
or proximal end which fits into the depression on the cartila¬ 
ginous interspace between the hyomandibular and the symp- 
lectic. Its ventral or distal end is rounded and knobby and fits 
into the dorso-posterior depression on the epihyal. It lies at 
right angles to the epihyal and is directed forward and upwards. 
On its outer surface it is connected by a ligamentous sheet to 
the inner surface of the pre-operculum. From its proximal end 
there arises a ligament which passes through the foramen in the 
hyomandibular and is inserted on the antero-lateral comer of 
the sphenotic. 

The Basihyal (6.Ay.) is a thick, oval bone supporting the 
tongue of the fish. It is completely covered with cartilage in 
the fresh condition. It has a flat upper surface, a very convex 
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rer suriaoe and a pointed posterior end which rests upon the 
real of the two upper hypohyals of the two sides, to 

doh it is also connected firmly by means of fibrous tissue. 




Fia. 17. 


A branchiostegal bono (X The Uro-hyal or Basi-branchiostegal 

ne (X 2). 

, depresBion for insertion of ligament from basi-hyal; h., bead of 
anohiostogal for attachment to oomii ,* p m., point of insertion of 
iscles from pectoral girdle. 

Connected with the hyoid cornu are two more bones which 
ay be dealt with here. They are, the Brancliiostegals and 
e Urohyal or Basibranchiostegal, the latter not directly 
nnected to the hyoid cornu but only by ligaments and occurring 
tween the two cornual halves 

The Branchiostegals (brg ), which are also called the Bran- 
liostegal rays or Branchiosts, are seven in number, the first 
K attached proximally by their bases to the ventral edge of the 
ratohyal and the seventh to the ventral edge of the epihyal. 
[ley are all free distally and connecting all of them is a piece 
the skin which forms a fold ventro-mesially along the ventral 
Ige of the operculum. Each ray is laterally compressed with a 
it enlarged base and curved downwards and backwards. It 
pers to a point posteriorly, and possesses an ill-formed wing 
ong its anterior edge. The most dorsal branchiostegal which 
also the posteriormost ray is the longest and the rays 
jcrease in length as we proceed anteriorwards. 

The two most dorsal rays lie, in the fresh condition, internal 
) the inter-operculum, the next anterior one lies along and 
irallel to the ventral edge of that bone and the remaining 
fur rays lie on the outside, mesial to the opercular edge. 

The Urohyal (Jig. 17.B.)—^the Sternum of Allia—or the 
asibranchiostegal is a roughly triangular bone lying in the 



40 


If. DHABMABAJAN 


[VOL. n, 


mid-ventral line between the two halves of the hyoid cornu, 
with a thick anterior edge, a straight dorsal edge and a slightly 
convex ventral edge. Starting from the ventral end of its 
anterior edge are two lateral laminse, one running along the 
ventral margin up to about half its length and the other running 
backwards and upwards and ending at the dorso-posterior 
comer of the bone. The posterior ventral end of the bone 
gives insertion to ligaments that connect it to the ventral part 
of the anterior ends of the cleithra. From each side of its 
anterior end originates a ligament which is inserted on the outer 
lower comer of the ventral hypohyal of its side. 

The Urohyal lies between the sternohyoid muscles. ‘ It 
is peculiar to the Teleostei and is generally considered to be 
an ossification of the median ligament * (35). 

In close association with the Hyoid arch are the dermal 
bones that support the operculum. These are, the Pre-oper- 
cular, the Opercular, the Inter-opercular and the Sub-oper- 
cular. 

The Pre-opercular (p.op.) is a crescent-shaped bone with a 
concave anterior edge, the concavity being directed forwards 
and upwards, and a convex posterior edge. The anterior edge 
is slightly folded on itself, the fold being external so that there 
is an anterior (jhannel-like groove extending throughout that 
edge of the bone. Both the dorsal and the ventral ends of the 
bone are pointed. The dorsal half of the anterior edge lies 
in the groove at the posterior edge of the hyomandibular and 
its pointed tip extends slightly beyond the dorsal end of the 
groove. The ventral part of its anterior edge lies in the groove 
on the posterior edge of the quadrate, its pointed ventral end 
reaching right up to the articular surface on that bone. A small 
part of its anterior edge (at about tbe middle of its length) 
adjoins the interspace of cartilage between the hyomandibular 
and the symplectic. 

The folded anterior edge forms an external flange from 
whose free edge five small processes of bone originate at definite 
distances from each other. These processes are directed back¬ 
wards and downwards and their distal ends are united to the 
body of the pre-operculum, so that they look like definite arches 
arranged in a radiating manner on the bone. Passing through 
these arches and situated in the anterior groove of the pre- 
operculum is the pro-opercular lateral line canal. 

On its inner surface anteriorly, slightly behind the middle 
of its anterior edge, the pre-operculum has a slight oval eminence 
which lodges in a small depression on the posterior end of the 
external face of the inter-operculum. 

The posterior edge of the pre-operculum is markedly convex, 
its middle portion being bluntly pointed. The whole edge 
except its very dorsal part is finely serrated and into these ser¬ 
rations run ray-like lines starting from the middle of the bone. 
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0 d.ors8bl pftrt of th© posterior edge, above the bend, lies ex- 
nal to th© anterior edge of the opercular. The ventral part 
ilmost horizontal and is parallel and external to th© ventral 
^e of the inter-opercular. 

'».The Inter-opercular (inf.op.) is a thick roughly oval })one 
ig internal to the lower half of the pre-opercular, with a 
jterior end that is broader than the pointed anterior end. 
dorsal edge is more or less straight, while its ventral edge 
convex and possesses fine indentations on it with ray-like 
3s running into them. On the inner surface of its dorsal 
je very near the posterior end, is a depression with a slight 
inence behind it. The depression lodges the posterior end 
bhe epihyal. The pointed anterior end of the bone is attached 
ligaments to th© mandibula. 

The ventral edge of the inter-operculum is also united 
bhe piece of skin whicdi extends between all the branchiostegals 
i is folded in the natural condition, each fold having a liran- 
ostegal for its axis. The two dorsalmost folds and conse- 
sntly the two dorsalmost branchiostegals also, lie internal 
the inter-operculum. The remaining folds are closely ])ressed 
linst each other and lie mesial to the interopercular margin, 
e fold also narrows anteriorly according to the length of the 
inchiostegals, the anterior ones of which grow shorter. 

The Opercular (op.) is a laminate, irregularly triangular 
ne with the apex situated antero-dorsally. This a])ex is 
ck and possesses, slightly internally, a deep socket which 
5©s inwards and upwards and articulates with the hyomandi- 
lar. Starting from the base of the socket are two strong 
ges, one of which is dorsally situated and bifurcates a little 
yTond its origin, the bifurcations running backwards and down- 
rds at an angle of 25° to each other and ending in spine-like 
ints. The second ridge which is thicker, is dire(;ted down- 
Tds and slightly backwards and forms the anterior edge 
the opercular. That edge of the bone (jonnecting th(^ ends 
these ridges is deeply concave and the ventral of the two 
leave edges is longer and overlaps the whole dorsal edg(‘ of 
^ sub-opercular. 

The anterior edge of the opercular is overlai)ppd by the 
psal part of the posterior edge of the pre-opercular and also 
the posterior edge of the process of the sub-opercular. 

Dorso-posterior to the articulatory depression of the oper- 
ar, on the inner surface of the bone, above the origin of the 
it opercular ridge, is a small depression for the insertion of the 
ator operculii. 

The Sub-opercular (s.op.) is a thin, leafy bone roughly 
d in shape, pointed posteriorly and blunt anteriorly where 
bas a process with a sharp tip directed upwards and slightly 
wards, and overlapped in front by the pre-opercular. The 
itral edge is straight while the dorsal, which is convex, is 
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the splints invest only the upper half of the cartilage the lower 
half being clearly visible. 

Anteriorly on the lower half of its outer surface, the epihyal 
has a semi-oval depression which accommodates the head of 
the posteriormost and largest branchiost^al ray. 

The epihyal, according to Allis (3) is also considered as 
the proximal ossihoation of the ceratohyal. He considers 
the epihyal and ceratohyal as one bone with two ossifications, 
a proximal and a distal. 

The Ceratohyal {cJty,) is a long bone, about thrice the length 
of the epihyal, with a very broad proximal or posterior end and 
narrowing, first suddenly and then gradually, towards its 
anterior end. Its posterior edge is curved and united to the 
anterior edge of the epihyal, while its dorsal and ventral edges 
are concave. Anteriorly, there is a dorsal indentation on the 
bone, which gives articulation to the upper hypohyal. The 
ventral half of the anterior end projects forwards and unites with 
the lower hypohyal. Postero-laterally, on the lower half of the 
bone is a small semi-oval depression to which the first six bran- 
chiostegal rays are attached by ligaments. 

The Hypohyals hJiy,^.) are two in number, a dorsal 

and a ventral, the former being the longer of the two. Both 
are triangular in shape with curved anterior edges and the apex 
pointing backwards. On its dorsal anterior comer the dorsal 
hypohyal has an articular surface which gives articulation to 
the posterior end of the basihyal. It is only the dorsal hypo¬ 
hyal that secures union with the basihyal, the ventral hypohyal 
being bound in the middle line to its fellow of the other side. 

Separating the dorsal hypohyal from the ventral and also 
from the dorsal anterior edge of the ceratohyal is a distinct strip 
of cartilage. Such a strip does not, however, exist between the 
ventral hypohyal and the ceratohyal. Splints of bone arising 
from the hypohyals and the ceratohyal interrupt the cartila¬ 
ginous lining and unite the bones with one another. 

The Interhyal (i.%.)—the Epihyal of Allis, also known 
as the stylohyal—^is a short, rod-shaped bone with a flat dorsal 
or proximal end which fits into the depression on the cartila¬ 
ginous interspace between the hyomandibular and the symp- 
lectic. Its ventral or distal end is rounded and knobby and fits 
into the dorso-posterior depression on the epihyal. It lies at 
right angles to the epihyal and is directed forwards and upwards. 
On its outer surface it is connected by a ligamentous sheet to 
the inner surface of the pre-operculum. From its proximal end 
there arises a ligament which passes through the foramen in the 
hyomandibular and is inserted on the antero-lateral comer of 
the sphenotic. 

The Basihyal (h.%.) is a thick, oval bone supporting the 
tongue of the fish. It is completely covered with cartilage in 
the fresh condition. It has a fiat upper surface, a very convex 
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lower surfBee and a pointed posterior end which rests upon the 
dorsal ed^s of the two upper hypohyals of the two sides, to 
which it is also connected firmly by means of fibrous tissue. 




Fia. 17. 


a, A branchiostegal bone (x H). h, The Uro-hyal or Basi-branchiostegal 
bone (X 2). 

d,Lhy,f depression for insertion of ligament from basi-hyal; h., head of 
branchiostegal for attachment to cornu; p,m., point of msertion of 
muscles from pectoral girdle. 

Connected with the hyoid cornu are two more bones which 
may be dealt with here. They are, the Brancliiostegals and 
the Urohyal or Ba si branchiostegal, the latter not directly 
connected to the hyoid cornu but only by ligaments and occurring 
between the two cornual halves. 

The Branchiostegals (brg ), which are also called the Bran- 
ehiostegal rays or Branchiosts, are seven in number, the first 
six attached proximally by their bases to the ventral edge of the 
ceratohyal and the seventh to the ventral edge of the epihyal. 
They are all free distally and connecting all of them is a piece 
of the skin which forms a fold ventro-mesially along the ventral 
edge of the operculum. Each ray is laterally compressed with a 
flat enlarged base and curved downwards and backwards. It 
tapers to a point posteriorly, and possesses an ill-formed wing 
along its anterior edge. The most dorsal branchiostegal which 
is also the posteriormost ray is the longest and the rays 
decrease in length as we proceed anteriorwards. 

The two most dorsal rays lie, in the fresh condition, internal 
to the inter-operculum, the next anterior one lies along and 
parallel to the ventral edge of that bone and the remaining 
four rays lie on the outside, mesial to the opercular edge. 

The Urohyal (fig. 11.B .)—^the Sternum of Allis—or the 
Basibranchiostegal is a roughly triangular bone lying in the 
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mid-ventral line between the two halves of the hyoid cornu, 
with a thick anterior edge, a straight dorsal edge and a slightly 
convex ventral edge. Starting from the ventral end of its 
anterior edge are two lateral laminse, one running along the 
ventral margin up to about half its length and the other running 
backwards and upwards and ending at the dorso-posterior 
corner of the bone. The posterior ventral end of the bone 
gives insertion to ligaments that connect it to the ventral part 
of the anterior ends of the cleithra. From each side of its 
anterior end originates a ligament which is inserted on the outer 
lower corner of the ventral hypohyal of its side. 

The Urohyal lies between the sternohyoid muscles. ‘ It 
is peculiar to the Teleostei and is generally considered to be 
an ossification of the median ligament ’ (35). 

In close association with the Hyoid arch are the dermal 
bones that support the operculum. These are, the Pre-oper- 
cular, the Opercular, the Inter-opercular and the Sub-oper- 
cular. 

The Pre-opercular (p.op.) is a crescent-shaped bone with a 
concave anterior edge, the concavity being directed forwards 
and upwards, and a convex posterior edge. The anterior edge 
is slightly folded on itself, the fold being external so that there 
is an anterior channel-like groove extending throughout that 
edge of the bone. Both the dorsal and the ventral ends of the 
bone are pointed. The dorsal half of the anterior edge lies 
in the groove at the posterior edge of the hyoraandibular and 
its pointed tip extends slightly beyond the dorsal end of the 
groove. The ventral part of its anterior edge lies in the groove 
on the posterior edge of the quadrate, its pointed ventral end 
reaching right up to the articular surface on that bone. A small 
part of its anterior edge (at about the middle of its length) 
adjoins the interspace of cartilage between the hyomandibular 
and the symplectic. 

The folded anterior edge forms an external fiange from 
whose free edge five small processes of bone originate at definite 
distances from each other. These processes are directed back¬ 
wards and downwards and their distal ends are united to the 
body of the pre-operculum, so that they look like definite arches 
arranged in a radiating manner on the bone. Passing through 
these arches and situated in the anterior groove of the pre- 
operculum is the pre-opercular lateral line canal. 

On its inner surface anteriorly, slightly behind the middle 
of its anterior edge, the pre-operculum has a slight oval eminence 
which lodges in a small depression on the posterior end of the 
external face of the inter-operculum. 

The posterior edge of the pre-operculum is markedly convex, 
its middle portion being bluntly pointed. The whole edge 
except its very dorsal part is finely serrated and into these ser¬ 
rations run ray-like lines starting from the middle of the bone. 
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The dorsal part of the posterior edge, above the bend, lies ex¬ 
ternal to the anterior edge of the opercular. The ventral part 
is almost horizontal and is parallel and external to the ventral 
edge of the inter-opercular. 

^he Inter-opercular (int.op.) is a thick roughly oval bone 
lying internal to the lower half of the pre-opercular, with a 
posterior end that is broader than the pointed anterior end. 
Its dorsal edge is more or less straight, while its ventral edge 
is convex and possesses fine indentations on it with ray-like 
lines running into them. On the inner surface of its dorsal 
edge very near the posterior end, is a depression with a slight 
eminence behind it. The depression lodges the posterior (md 
of the epihyal. The pointed anterior end of the bone is attached 
by ligaments to the mandibula. 

The ventral edge of the inter-operculum is also united 
to the piece of skin which extends between all the branchiostegals 
and is folded in the natural condition, each fold having a bran- 
chiostegal for its axis. The two dorsalmost folds and conse¬ 
quently the two dorsalmost branchiostegals also, lie internal 
to the inter-operculum. The remaining folds are closely pressed 
against each other and lie mesial to the interopercular margin. 
The fold also narrows anteriorly according to the length of the 
branchiostegals, the anterior ones of which grow shorter. 

The Opercular (op.) is a laminate, irregularly triangular 
bone with the apex situated antero-dorsally. This apex is 
thick and possesses, slightly internally, a deep socket which 
faces inwards and upwards and articulates with the hyomandi- 
bular. Starting from the base of the socket are two strong 
ridges, one of which is dorsally situated and bifurcat^vs a little 
beyond its origin, the bifurcations running backwards and down¬ 
wards at an angle of 25° to each other and ending in spine-like 
points. The second ridge which is thicker, is directed down¬ 
wards and slightly backwards and forms the anterior edge 
of the opercular. That edge of the bone c*onnecting the ends 
of these ridges is deeply concave and the ventral of the two 
concave edges is longer and overlaps the whole dorsal edge of 
the sub-opercular. 

The anterior edge of the opercular is overlap})ed by the 
dorsal part of the posterior edge of the pre-opercular and also 
by the posterior edge of the process of the sub-opercular. 

Dorso-posterior to the articulatory depression of the oper¬ 
cular, on the inner surface of the bone, above the origin of the 
first opercular ridge, is a small depression for the insertion of the 
levator operculii. 

The Sub-opercular (s.op.) is a thin, leafy bone roughly 
oval in shape, pointed posteriorly and blunt anteriorly where 
it has a process with a sharp tip directed upwards and slightly 
forwards*, and overlapped in front by the pre-opercular. The 
ventral edge is straight while the dorsal, which is convex, is 
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overlapped by the ventral edge of the operculum to which it 
is attached by fibrous tissue. 

(b) Branchial Arches, 

Out of the seven visceral arches, the modification and 
final fate of the first two have been described already* Of the 
remaining five, the first four support the pharyngeal wall and 
form a frame-work for the gills and the l^h or the last arch 
persists only in part as a single bone on each side, the inferior 
pharyngeal bone, bearing sharp teeth serving mastication. 

Each branchial arch is made up of two pieces united in 
the mid-ventral line by the basi-branchial bone ; and each half 
of an arch consists of four pieces ; a dorsal Phar 3 mgo-branchial, 
a dorsal Epibranchial, a lateral Ceratobranchial and a ventral 
Hypobranchial. The hypobranchials of the two sides are con¬ 
nected in the mid-ventral line by the median Basibranchial. 



Fig. 18 . Dorsal view of the Branchial Arches (Nat. Size.) 
(Slightly pulled out for the sake of clarity). 

b, hy,, baai-hyal; 6.6ri-4., the first, second, third and fourth basi-bran- 
ohials; c.6ri.4., the first, second, third and fourth cerato-branchials ; 

c. 6r5., the fifth cerato-branchial or inferior pharynge^ bone ; c,hy,, oerato- 
hyai ; e.bri-4,, the first, second, third and fourth epi-bronchials ; h,bri-^,, 
the ^t, second, third and fourth hypo-branohials; h,hy\^^,^ the two 
hypo-hyals; ph.^1-4., the first, second, third and fourth phoryngo- 
branchials; €,ph,br., the first supra-pharyngo-branchial. 


In Otolithvs all the four branchial arches and the infmor 
pharyngeal bones are present and well-ossified. The first arch 
contains all the pieces and in addition, a small dorsal cartila¬ 
ginous piece—^the Supra Pharyngobranchial—; and the first 
basibranchial is cartilaginous. The second and third arches are 
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also complete in possessing all the elements. In the fourth 
arch the basibranchial is absent as also the hypobranchial ; 
but there is a median piece of cartilage existing behind the 
third basibranchial. A similar piece found in the same place 
in the branchial skeleton of Scomber by Allis (3) has been called 
by him the fused unossified hypobranchials of the fourth arch. 
The fifth arch is represented by the ceratobranchials which are 
transformed into the Inferior phar 3 mgeal bones. 

The Basibranchials : The First Basibranchial (h.bvi,) is a 
thick piece of cartilage occuring between the hypohyals and 
lying ventral to the posterior part of the basihyal. It is more or 
less triangular in shape with a blunt tip which is bent downwards. 
Posteriorly it is immovably connected to the second basibrant^hial. 
Ventrally its posterior edge is in apposition on cither side with 
the ventral part of the articular head of the first hypobranchial. 

The Second Basibranchial (fe.ftrg.) is a thick, well-ossified, 
roughly triangular bone, longer than the first and united to 
its hind edge. Its broad posterior edge is fused with the third 
basibranchial by synchondrosis. Laterally in its anterior 
half it has on each side a deep concavity into which the head of 
the first hypobranchial fits. This concavity is long and extends 
forwards upto the postero-ventral edge of the first basibranchial. 
Behind this facet the bone is broad. Its dorsal surface is fiat 
but the ventral surface is slightly concave. Ventrally the 
lateral part of its posterior edge adjoins the lower part of the 
articular head of the second hypobranchial. No clear interspace 
of cartilage exists between the first and second basibranchials 
or between the second basibranchial and the head of the first 
hypobranchial. 

The Third Basibranchial (b.hr^,) is the longest, nearly 
twice as long as the second with a concave ventral surface. Its 
outline is like that of an um with a convex anterior edge, the 
neck of the um being formed by two lateral depressions behind 
which the bone broadens out undergoing a sudden narrowing 
to a point posteriorly and imperceptibly merging into the piece 
of cartilage—the so-called fused fourth hypobranchials. In 
front it fits into the hind edge of the second basibranchial 
without the intermediation of any cartilage. 

Into the anterior lateral depressions fit the articular heads 
of the second hypobranchials. The posterior part of the basi¬ 
branchial is embraced, as it were, by the two hypobranchials 
of the third arch and is thereby hidden from view. 

The Fourth Basibranchial (bJ)r ^,); Beyond the third" basi¬ 
branchial there is no other ossified, basiCranchial element. But 
in front of the closely apposed anterior ends of the inferior 
pharyngeal bones and occupying the angle formed by the foiirth 
ceratobranchials, is a very small piece of cartilage similar to 
the one* observed by Allis (3) in Scomberj and called by him the 
unossified fourth basibranchial. 
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The Hypobranchials: All the first four arches possess hypo- 
branchials, the fourth pair, however, being unossiiied. 

The First Hypobranchial (h.hti,) consists of a semi-cylin¬ 
drical, rod-like shank and an anterior articular head which fits 
into the lateral depression on the second basibranchial. Ven- 
trally, from the head, there is a short blunt process directed 
mesially and passing beneath the second basibranchial and al¬ 
most meeting its fellow of the opposite side in the mid-ventral 
line. The anterior end of the process also touches the postero- 
ventral part of the first basibranchial. 

The shank of the bone is directed backwards and slightly 
outwards at an angle of about 120® with the head. It is of 
uniform thickness and has a shallow groove for the accommoda¬ 
tion of the branchial blood vessel. The posterior end of the 
shank is capped with cartilage and articulates with the anterior 
end of the first ceratobranchial. 

The Second Hypobranchial {h.hr^,) is just like the first 
but with a shorter shank. Both the articular head and its 
ventral process are shorter and broader ; in fact, the latter process 
is so short that it ceases to be a process at all. The head is 
lodged in the lateral depression on the anterior part of the third 
basibranchial. The ill-defined ventral process is directed ante¬ 
riorly and adjoins the postero-lateral edge of the second basi¬ 
branchial. Between the ventral parts of the two articular 
heads there is a small gap through which the truncus arteriosus 
passes. 

The shank possesses a ventral groove which is deeper than 
on the first hypobranchial. The posterior end of the shank, 
which is furnished with a cartilaginous cap, articulates with the 
anterior end of the second ceratobranchial. 

The Third Hypobranchial (h.br^.) is a flat elongated bone 
with its anterior half bent ventrally. Its posterior edge is convex 
and the two hypobranchials touch each other at a point poster¬ 
iorly in the middle line. From this point they diverge anteriorly 
and thus enclose between them a triangular space into which 
enters the posterior half of the third basibranchial. The an¬ 
terior half of each third hypobranchial bends ventrally and 
then inwards, but the two halves do not meet in the mid-ventral 
line. Thus they almost completely enclose a space through 
which the truncus passes. The posterior convex edge is lined 
with cartilage and unites with the anterior end of the third 
ceratobranchial. It also forms the anterior boundary for the 
cartilaginous strip (the fourth hypobranchial of Allis) occurring 
posterior to it. Mesially, each third hypobranchial is united 
to the lateral margin of the posterior part of the third basi¬ 
branchial. 

The Fourth Hypobranchial (h,hr^,) is not distinctly present 
but posterior to the third hypobranchials and in the angle formed 
by the third ceratobranchials is a parallelogram-like cartila- 



1936] ANATOMY OF OtoUthus Tuher (bl. & sohn.) 


45 


ginous strip which gives articulation to the fourth ccrato- 
branchials postero-mesially. A similar strip of cartilage found 
in Scomber been termed by Allis (3) as the fourth hypobran- 
chial. This cartilaginous strip is also in union anteriorly with 
the tnird basibranchial. 

The Ceratobranchials (chr.^ 4 ): The four ceratobranchials 
are all of them alike in structure. Each is elongated and slightly 
bent, the hollow of the bend being oral. It is cylindrical but has 
a deep groove running throughout its length. Both the ends 
of the ceratobranchial are capped with cartilage. The anterior 
end of each unites with the posterior end of its own hypo- 
branchials ; the anterior end of the fourth ceratobranchial merely 
abuts against the cartilaginous strip already referred to as 
the fourth hypobranchial. It is broad and flattened and 
the mesial edges of the two anterior ends of the meet 
in the middle line behind the cartilaginous strip. 

The posterior end of each ceratobranchial articulates with 
the epibranchial of its own arch. The third and fourth cerato¬ 
branchials are slightly more bent than the second. There is 
a triangular scoop in the antero-mesial part of the fourth cerato¬ 
branchial. 

The Fifth Ceratobranchial or the Inferior Pharyngeal bone 
(c.hr^,) is the only representative in the adult fish of the fifth 
branchial arch. This is a doubly curved rod with a flat mesial 
dentulous process extending from its anterior end to about 
three-fourths of its entire length. The mesial edge of the i)rocess 
is convex. 

The united anterior ends of the two inferior pharyngeal 
bones lie in contact with the posterior part of the cartilaginous 
fourth hypobranchial, while behind, the bones are narrow and 
diverge from each other. 

The mesial jiroceases which, in their anterior halves, lie* 
closely in apposition in the middle line, bear on their concave 
dorsal surfaces numerous teeth of various sizes with no definite 
arrangement. 

This toothed mesial plate of the inferior pharyngeal bone 
working against the dentulous, united, ventral parts of the 
pharyngobranchials of the first four arches, forms a very good 
masticatory apparatus for the fish. 

The Epibraiichials : As stated before, only the first four 
arches bear epibranchials, the last one being devoid of them. 
All the epibranchials are long, though not so long as the cerato¬ 
branchials. One end of an epibranchial is jjnited to the posterior 
end of the ceratobranchial of its own arch and the other end is 
directed mesially and bears the respective pharyngobranchial. 
The ends of the epibranchials are capped with cartilage. 

The First Epibranchial (e. 6 ri.) is a long cylindrical bone, 
slightly flattened and curved, the hollow of the curve being 
postero-mesial. It has a deep groove on its dorsal side, and 
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from about the middle of its length there arises a mesial, flat¬ 
tened, roughly triangular process. The anterior end unites 
with the first pharyngobranohial, the apex of the triangular 
mesial process bears the Supra-pharyngobranchial of the first 
arch and the posterior end unites with the first ceratobranchial. 

The Second Epibranchial {e,hr^,) resembles the first in all 
respects excej)t that it is a bit more bent and has its anterior 
end flattened out to a small extent. It also possesses the 
mesial process which however, does not carry any supra-pharyngo- 
branchial element since the latter is absent in the second and 
subsequent arches. The posterior end unites with the second 
ceratobranchial and the anterior rests on the c^entre of the flat¬ 
tened second pharyngobranohial. The dorsal groove on the 
bone is deeper in this case. 

The Third Epibranchial (e,br^.) is similar to the two previous 
epibranchials but is shorter and has a broad anterior end. The 
mesial process, however, is bigger and broad.er and arises from 
the posterior half of the bone. It is directed dorsally as usual, 
with its apex bent slightly backwards and in close apposition 
with the anterior face of the mesial process of the fourth epi¬ 
branchial. The dorsal groove is very shallow here. 

The Fourth Epibranchial (e. 6 r 4 .) is as long as the third but 
bent like the second with the mesial process running the entire 
length of the bone almost obscuring the body. Consequently 
there is no dorsal groove, the margin of the blade being dorsal. 
The anterior end is pointed and lies in a depression in the body 
of the fourth pharyngobranohial. The third and fourth epi¬ 
branchials are so much in apposition that they appear as one 
single structure. 

The Pharyngobranchials. There are four pharyngobran- 
chials, one for each of the first four arches. Each is different 
from the other in shape, size and structure. The third and the 
fourth and, to a small extent, the second also, bear teeth on 
their ventral surfaces. All three of them are very closely 
attached to one another and they form an almost united toothed 
structure corresponding to the inferior pharyngeal bones. 
They are all united together by a fleshy muscular sheet 
and lie en masse beneath the auditory capsules attached by 
ligaments to the ventral surface of the pro-otics. 

The First Pharyngobranohial (ph.hr^.) is a tiny cylindrical 
rod of bone attached to the anterior end of the first epibran¬ 
chial. 

The Second Pharyngobranohial (ph,br^.) is a flat triangular 
bone situated dorsally and connected, at about the middle of 
its length, to the second epibranchial. Its anterior end is free 
and posteriorly and mesially it is united to the lateral edge of 
the third pharyngobranohial. Its antero-dorsal comer gives 
union to the posterior end of the supra-pharjmgobranohial of 
the first arch. Ventrally a tiny strip of its posterior corner 
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has an irregular row of minute teeth arranged on it, the rest 
of its ventral surface being smooth. 

The Third Phar^gobranchial (pA.ftfg.) is the largest of all 
the ^haryngobranchials. It is roughly rectangular in shape, 
the two long sides of the rectangle being concave, and has a 
large depression on its dorsal surface. The third epibranchial 
unites with it at its postero-dorsal corner. Its whole lateral 
edge adjoins and is united with the mesial edge of the second 
pharyngobranchial. Its mesial edge is free but its posterior 
edge gives articulation to the anterior edge of the fourth pharyn¬ 
gobranchial. 

On the ventral surface, the posterior half of the bone bears 
numerous backwardly directed teeth arranged very irregularly. 
Posteriorly, just mesial to the depression which lodges the 
end of the third epibranchial, is a shallower depression accom¬ 
modating the anterior end of the fourth epibranchial. 

The third and fourth pharyngobranchials are very closely 
united to each other but they are easily separable without any 
damage to either of them. 

The Fourth Pharyngobranchial (ph.hr^.) is an irregular bone 
looking massive but really almost hollow. There is a large 
postero-dorsal U-sha^)ed (concavity with the hollow of the IJ 
directed mesialiy. The anterior ^ge of the bone is united to 
the posterior edge of the third pharyngobranchial and the 
antero-dorsal corner accommodates the ventral part of the 
anterior end of the fourth epibranchial. Posteriorly on the 
margin of the U-shaped concavity, restricted to the bend of the 
U, are found six ridges. These are rough and have been found 
to be constant in number in all the specimens examined. 

The whole ventral surface of the bone bears teeth. Those 
on the anterior third of the bone are large, sharp and backwardly 
directed ; the rest are uniformly small, not clearly visible to the 
naked eye and giving a rough feel to that part of the bone on 
which they occur. 

The First Supra-Pharyngobranchial (s.ph.br.) : On the 
first branchial arch, arising from the apex of the triangular 
mesial process of the first epibranchial, is a backwardly directed 
curved rod of cartilage. A similar piece of cartilage found in 
an identical position in the branchial skeleton of Scomber has 
been termed by Allis (3), the 8 upra-Phar 3 mgobranchial. This 
piece of cartilage in Otolithus goes backwards and unites with 
the second pharyngobranchial on its antero-lateral comer. ^ 

The Gill-rakers and the Gill-filameiwbs: The gill-rakers arc 
small structures found arranged on the sides of the hypo-, epi-, 
and cerato-branchials of the first four branchial arches. They 
are rough to the touch and serve as a sieve in impeding the 
escape of food matter found in the water taken into the 
branchial chamber. Any food that may be obtained this way is 
retained in the pharynx and is swallowed by the fish. 
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The gill-rakers on the outer face of the first arch are elongated 
pointed structures directed forwards and upwards, while those 
on the inside of the first arch and on both the faces of all the 
other arches are small, circular, flat structures with microscopic 
teeth on them. 

The number of gill-rakers on each bone of each arch was 
found to be constant in more than ten specimens. A table 
is giveji below showing the number of rakers on each of the 
hypo-, epi- and cerato-branchials of the four arches. 

Table showing the number of (fill-rakers occuring on 
each component of the Branchial arches. 




1 

II 

ni 

TV 

V 


OutHido 

3 


3 

0 

0 

Hypo-brancliials 

— 


_ 


- 

- 

Iriftide 

4 


0 

0 

0 


Outhide 

9 

7 

s 

8 

0 

Cerato branchials 

— 


— 



— 


Tiisido 

7 

7 

s 

8 

0 


()u1 hide 

♦> 

4 * 

3 

2 

0 

Epi-branobialf. 

_ — 

_ — 

- 



— _ 

IiiBido 

•A 

4* 

3 

1 2 

0 


* On t he second epi-branohial an extra small raker is found ju some 
eabos on both sides. 


The gill-rakers are purely dermal elements and are in no 
way fused to the arches on which they occur. In largo sj)eci- 
meiis the position of the raker is indicated by the presence of 
a very faint elevation on the arch. 

The Gill-filaments are very slender ray-like structures 
arranged in two rows on each arch, one row on each side of the 
ventral depression on the arch which lodges the branchial blood 
vessel. The bases of all the filaments are fused together. The 
gill filaments arc found on the hypo-, epi-, and cerato-branchials 
of each arch. They will be dealt with in greater detail under 
the Branchial System. 

(B) Vertebral Column* 

The Vertebral Column is composed of twenty five vertebrae 
which arc not all alike in size or structure. It can be divided 
into two regions; (1) An anterior Trunk Region consisting 
of the first eleven vertebrae, each trunk vertebra being charac¬ 
terised by the possession of movable ribs, one pair on 
each vertebra, and (2) A posterior Caudal Region composed 
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of the remaining fourteen vertebrae, each of which possesses 
a well-developed haemal arch and haemal spine. 

The centra of all the vertebrae are well-developed and 
ossified and are typically Amphicoelous. There is thus enclosed 
betwen any two vertebrae a roughly spherical space filled 
with notochordal tissue in the living condition. The notochord 
is also present as a thin strand in the notochordal canal which 
perforates the body of the centrum. 

On the centrum of every vertebra are found certain depres¬ 
sions which in the fresh condition are filled with muscles and 
fat. As a result of the formation of these depressions ridges are 
formed on the body of the centrum. These ridges have been 
called Strengthening Ridges (Cole & Johnstone, 24). 

The vertebrae also possess articulatory surfaces namely 
the Prezygapophyses and the Postzygapophyses. These are 
always dorsal in position and arise from the base of the neural 
arch, the prezygapophyses anteriorly and the postzygapophyses 
posteriorly. The prezygapophyses of one vertebra articulate 
with the postzygapophyses of the preceding vertebra. The 
zygapophyses of the first four trunk vertebras are not well 
defined. 

The disposition of the neural spines of the vertebrae is as 
follows: erect in vertebras 1 and 2 and inclined posteriorwards 
from vertebra 3 onwards, the inclination being slight at first and 
more marked posteriorly. The neural spines of vertebras II to 
VIII are thick, broad and strong, while beyond vertebra VIII 
they are longer, thinner and flexible. They incr^^ase in length 
gradually till vertebra XIII beyond which they are of the same 
length in vertebras XIV, XV and XVI; from vertebra XVII 
there is a gratdual decrease in length. The parapophyses are 
developed in the last six trunk vertebras i,e. from trunk vertebras 
VI to XI (inclusive). They are small and rudimentary in the 




Fio. 19. The Atlas or first vertebra (XIJ). 

a, Side view; 6, Anterior view ; c, Posterior view. 

c.ce.n«, concavity of centrum filled with notochordal tissue ; c^., centrum; 
42A., dofso-lateral depression; facet on atlas for articulati^ mth 

ex-occipital fhoet ; foramen for spinal nerve; Aj.c., later^ knob on 

oentran ; n.a., neural arcii; n.c., neural canal; n.^., neural spine. 
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sixth vertebra and show progressive development till the ele¬ 
venth vertebra. They are always situated at the antero-ventral 
end of the centra. Except those of the sixth vertebra all the 
other parapophyses bear movable ribs at their free distal end. 
There is a pair of ribs for each vertebra, one on each parapophysis. 
In vertebrae I to VI the ribs are attached to the centra. There 
is a small thin bridge of bone connecting the two parapophyses 
of vertebrae IX, X and XI, that on the eleventh being broad 
and well developed. 

The twelfth vertebra is the first caudal vertebra, for it is 
only here that the movable ribs cease to be present and the 
haemal canal and spine are first formed in their entirety. 

1 . The Trunk Vertebrce, 

A Typical Trunk Vertebra (e.g. Vertebra VII). There is 
a well-developed broad centrum typically amphicoelous, the 
two concavities being rather deep and communicating with 
each other through a narrow and minute notochordal canal 
which perforates the body of the centrum and persists even 
in the adult. In the live condition the inter-central spaces 
as also the notochordal canal are fiUed with notochordal tissue, 
so that the notochord is not completely lost in the adult fish. 

The mid-dorsal depression on the centrum, said to be 
present in the vertebra of some teleostean fishes is not markedly 
developed here. But the mid-ventral depression is present and 
we 11-developed. On each side of the body of the centrum, 
laterally, there is a pair of depressions—the Dorso-lateral 
(d.l.d.) and the Ventro-lateral (vX.d.). From the lateral 
margins of the iH-developed dorsal depression of the centrum 
arises a pair of processes obliquely pointing backwards, which 
unite dorsally to form the neural arch enclosing the neural 
canal through which the spinal cord passes. The neural arch 
{n.a,) is produced into a dorsal backwardly directed neural 
spine The bases of the neural arch are broad and from 

their anterior ends is given off a pair of anteriorly and up¬ 
wardly directed processes, the Prezygapophyses (^r. 2 .); there 
are also corresponding processes arising from the posterior 
ends of the bases; these are smaller and form the Postzygapo- 
physes The prezygapophyses are inclined forwards and 

upwards while the postzygapophyses point backwards and 
upwards. As already stated, the prezygapophyses of one 
vertebra articulate with the postzygapophyses of the preceding 
vertebra. 

A.rising from the anterior ends of the lateral borders of 
the mid-ventral groove is a pair of processes, the parapophyses 
(p.p.) one on each side. They point backwards and outwards 
and to the distal Md of each is attached by ligaments, a pleural 
rib. 
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On the bases of the neural arch there is on each side a pair 
of foramina {f^sp.n.) for the passage of the two roots of the 
spinal nerve. 

There are eleven trunk vertebrae each with a well-developed 
centfum, a neural arch, and a spine. All but the first five 
bear parapophyses. The zygapophyses present in all of them 
are developed to a varying degree in each. 



Fio. 20. Three trunk vertebrae 

a, Sule view of second trunk vorteljra; Side view of seventh trunlc 
vertobm (typical) ; c, Anterior view of last trunk vertebra. 

rc., centrum ; ce.p., posterior part of centrum ; dd.d.t dorso-lateral depres¬ 
sion ; J.spM,, foramina tor roots of spinal nerve ; /i.6., horizontal bony 
connection ; n,a., neural arch ; w.c., neural canal; n.ap.^ neural spine ; 
p.p., parapophysis; pr.z., pre-zygapophysis; post-zygapophysis; 

vd,d», vontro-lateral depression. 

Vertebra 1 has a broad centrum which is compressed antero- 
posteriorly, and a thick broad neural arch with a well-formed 
neural spine. Both the arch and the spine are erect, and the 
former springs up only from the anterior half of the centrum. 
Anteriorly, at the base of the neural arch, on each side of the 
centrum, is a definite well-marked flat oval surface which glides 
beneath the ex-occipital facet of its side at the hind end of the 
skull. At the junction between the body of the centrum and 
the base of the neural arch on each side, there is a small depres¬ 
sion which lodges the head of the first rib. Posteriorly, from 
either side of the centrum a small lateral knobby eminence 
projects out. 

Of the lateral depressions on the centrum, the dorso¬ 
lateral one is deep while the ventro-lateral is superficial and 
shallow. A median ventral depression is also absent. The 
first pair of ribs is short and bent outwards and backwards*. 

Vertebra II has a centrum which is more compressed than 
in the first vertebra. The neural arch is broad, thick, and 
vertical with its tip slightly curved to the front. It bears 
the ill-defined prezygapophyses which overlap the major part 
of the centrum of the first vertebra, and has at its base on each 
side a pair of foramina for the passage of the spinal nerve. The 
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breadth of the base of the neural arch exceeds that of the cen¬ 
trum and therefore, a part of it projects anteriorly beyond the 
centrum, thus indicating an ill-formed prezygapophysis. In 
a side view, therefore, the centrum appears pushed backwards. 
The posterior lateral knobby eminences found on the first vertebra 
are also present here and are better developed, projecting more 
on the sides. Articulation for the ribs is provided for as in 
the first vertebra, on the centrum at the junction between it 
and the base of the neural arch. Owing to the great compres¬ 
sion of the centrum, the depressions are not very clear. The 
ribs are short and directed backwards and outwards. 

Vertebra III has again a compressed centrum and a weU- 
developed neural arch and spine, the latter fairly long and 
inclined backwards. The prezygapophyses are better formed 
than in the previous cases, projecting in front of the centrum 
and resting on the centrum of the second vertebra. The mid- 
ventral depression is shallow and its margins slightly project 
both anteriorly and posteriorly, suggesting the presence of ru¬ 
dimentary antero-ventral and postero-ventral processes. The 
dorso-lateral and ventro-iateral depressions are clearly present, 
the latter being deeper in its anterior end to accommodate 
the rib. 

Vertebra IV has a large centrum and a strong neural arch, and 
a spine. The latter is inclined posteriorly and is longer than that 
of vertebra III. The prezygapophyses are fully formed, while 
the postzygapophyses are rudimentary. The ventro-iateral 
depression is deep specially at its anterior end where it lodges 
the head of the fourth rib. The ventro-median depression is 
fairly deep and its borders form small projections anteriorly 
and posteriorly as in the previous case. 

Vertebra V has a longer centrum than vertebra IV. The 
neural arch and spine are broad and thick ; the latter is inclined 
posteriorly. Both the pre- and post-zygapophyses are well- 
defined. The dorso- and ventro-iateral depressions are deep, 
the latter lodging at its deeper anterior end the head of the rib. 
The mid-ventral depression is deep, but there are no indications 
of antero-ventral or postero-ventral processes. 

Vertebra VI is similar to vertebra V and possesses a long 
centrum, and well-developed neural arch and spine and zygapo- 
physes. The parapophyses, appearing here for the first time, 
are short and directed outwards, situa^ at the anterior ventral 
end of the centrum. The ribs are attached to the ventro-iateral 
depression as usual. Ventral median depression is quite deep, 
and antero-ventral and postero-ventral processes are absent. 

Vertebras VII and VIII conform to the type described. 

Vertebra IX is much like vertebrae VII and VUI except 
that the neural spine is longer and more slender. The two 
paropophyses whi^ are longer here, are connected by a thin 
brid^ of bone, giving rise to a canal. 
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Vertebra X is similar to vertebra IX but with a longer 
neural spine. The bridge connecting the two parapophyses 
is better developed. The ribs are very long and direct^ baok- 
ward^, their tips reaching up to the second caudal vertebra. 

Vertebra XI is the last trunk vertebra. The parapophyses 
are broad and long and the connecting bridge exists; a large 
canal is formed in this case. The neural spine is longer and 
more slender than in the previous vertebra; the mid-ventral 
depression is broad and deep and the long ribs are directed 
outwards, backwards and downwards. 


2. The Gavddl Vertebrce, 


There is much less variation among the vertebras of 
the caudal region than among the trunk vertebras. This 
region consists of fourteen vertebras all of them alike but 
difiering in the length of the neural and hasmal spines. The spines 
of the last caudal vertebra are flattened sideways and form the 
epuraJ and hypural bones respectively. In all cases haemal 
spines arc directed ba^ckwards and lie almost parallel to the 
vertebral column. 



Fio. 21. A typical caudal vertebra (x 2). 


a.v.jp., antero-ventral process; d.Z.d., dorso-lateral depression; f,8p,n., 
foramina for roots of spinal nerve ; A.o.* hetenval arch ; Ksp., haemal Spine ; 
n.o., neural arch; n.sp., neural spine; prjB.J pre-zygapophysis; pZ.*., 
post-zygapophysis; p.v.p,, postero-ventral process; v.Z.d., ventro-lateral 
depression. 


A Typical Caudal Vertebra. The centrum is very well 
develop^ and long, nearly one-and-a-half times as long as that 
of any trunk vertebra, with clear, well-formed, dorso-lateral 
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and ventro-lateral depressions. The medium ventral depression 
is broad and deep. The neural and haemal spines are long 
and directed backwards, the length of the former being about 
three-fourths that of the latter. The pre-and post-zygapo- 
physes are both fully developed. The bases of the haemal 
arch do not extend the whole length of the centrum, like the 
neural arch, but are restricted to the anterior third of it. The 
haemal as well as the neural spines are grooved on the anterior 
and posterior faces. These grooves serve for the attachment 
of the sheet of ligament that connects successive spines. 

Ventrally, at the anterior end, from the base of the haemal 
arch spring two processes, the antero-ventral processes (a.v.p.), 
directed anteriorwards. There are similar processes, the postero- 
ventral processes (p-v.p.)y on the posterior side also. The antero- 
ventral and postero-ventral processes of any two successive 
vertebrae lie merely in apposition with each other, there being 
no articulation between them. As in the trunk vertebra a pair 



Fig. 22 . Side view of two trunk vertebrae to show attachment of 

ribs (X 2). 

ce., centrum ; dorso-lateral depression; f.8p,n.f foramen for roots 

of spinal nerve; Lr,, ligament connecting rib to parapophysis; n.o., 
neural arch ; n.«p., neural spine; p.p., parapophysis; pr,z., pro-zygapo- 
physis; pt,z., post-zygapophysis ; r., rib ; v.l.d.f ventro-lateral depression. 

of foramina is found on each side at the base of the neural 
arch for the passage of the spinal nerves. 

The First Caudal Vertebra which is the twelfth vertebra 
of the whole series marks the commencement of the caudal 
region. It shows the typical condition with a broad haemal 
arch but a short haemal spine directed posteriorly almost parallel 
with the vertebral column. The antero-ventral processes are 
rudimentary but the postero-ventrals are fully formed. 
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Caudal Vertebra II to XII are all alike in structure. But 
in the twelfth caudal vertebra the neural and hasmal canals 
are narrow and the spines are blunt and reach the base of the 
caudal fin. They do not, however, take part in the support of 
any 8f the fin rays. 

Caudal Vertebra XIII has a short centrum with the neural 
and haemal canals occluded with bony matter. The neural 
and haemal spines are flattened sideways with broad distal 
ends and* contribute to the support of the caudal fin-rays thus 
forming the epural and hypural bones. Zygapophyses and 
ventral processes are completely absent. 

The Last Caudal Vertebra is much modified in structure and 
it takes such a great part in the support and formation of the 
caudal fin that it is described along with the caudal fin skeleton. 

(C) The Ribs. 

There are eleven pairs of Pleural ribs attached to the 
vertebral column proximally and l 3 dng between the muscles 
and the peritoneum. The first six pairs are attached to the 
centra of the first six vertebrse, one pair on each vertebra. 
The ventro-lateral depressions on these trunk vertebrae are 
particularly deep at their anterior ends where the head of the 
rib is lodged. The remaining five pairs are attached to the 
distal ends of the parapophyses of the other five vertebrae. 

The first five pairs of ribs are short and thin, while the 
posterior six pairs are very long and thick. The head of each 
rib is condensed and well-ossifi^ and is attached by ligaments 
either to the centrum or to the parapophysis. Each rib is 
directed outwards, slightly backwards and downwards. 

In addition to these pleural ribs, all the trunk vertebrae 
except the last, possess ' upper ribs * (‘ epipleurals ’) which 
occur in the horizontal septum. These ‘ upper ribs ’ are at¬ 
tached to the vertebrae along with the pleural ribs. They are 
more slender than the latter and point outwards, downwards 
and backwards. 

(D) The Skeleton of the Median Fins. 

The Dorsal, the Anal and the Caudal Fins form the Median 
Fins of the fish, since they are unpaired and occur on the median 
line of the body. The first two are built on the same plan 
and are of the same structure , the last (Jiffers from them, *both 
in the plan of its build and the supporting structures. 

1. The Dorsal Fins. 

There are two Dorsal fins, a short anterior and a long 
posterior. The skeleton of both the dorsals and also the anal 
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fins is composed of two sets of structures and they are : (1) a 
regular series of bony rod-like Radials or Somaotidia, endo- 
skeletal in origin and arranged parallel to one another; and 
(2) the Fin-rays or Dermotrichia' which are dermal in origin 
and which support the fin. 



distal piece of radial; /.r., fin-ray; m.rd., middle piece of radial; 
p»rd.f proximal piece of radial. 


1 The Dermotriohia of fishes occur in four different kinds. They 
are : Ceratotrichia, Actinotrichia, Lepidotricbia and Camptotriohia. 

The Ceratotriohia are slender, unjointed rods of homogeneous fibrous 
substances secreted by mesoblastio cells. They are found in Elc^nno- 
branohs, Holocephali and probably also in Aoanthodi and Icthyotomi. 

Actinotrichia are present at the edge of all the fins in the adult Teleoe* 
tomes. They are unjointed, homy fibres and form the only dermotriohia 
in embryonic fins. They closely resemble the ceratotriohia of £las« 
mobrcmohs with which, it is possible, they are homologous. The aoti- 
notriohia develop in the mesoblastio cells below the epidemus. Only 
in the fatty or appose fin of certain Teleostei (Salmonidae, Siluridae etc.) 
do the actinotrichia attain considerable size in the adult and form the 
sole organs of support. 

I^epidotriohia are less n!timerou8 than the actinotrichia and are formed 
outside them in the more superficial mesoblastio layers. They are jointed 
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The radials always lie embedded within the musculature 
of the body and are formed in the median connective tissue 
septum. Those that support the dorsal and anal fins are quite 
simi^ and a description of the one holds good for the other also. 

The Radial; Each radial is typically made up of three 
pieces. There is a large, linear or dagger-like, pointed part 
—^the proximal piece of the radial. This is also called the Axonost 
or Inter-spinous bone, the latter name being given to it on account 
of its position between any two neural or hsemal spines. The 
second piece of the radial is a small cylindrical bone occurring 
horizontally in the median line between the distal ends of the 
axonost to which it belongs and the one succeeding it. This 
is called the Mesial piece of the radial; it is also known as the 
Baseost. The third or the last part of the radial is a very small 
cartilaginous piece occurring posterior to the mesial piece and 
lodged in a tiny depression on the anterior face of the distal 
end of the axonost succeeding the one to which it belongs. It 
also bears dorsally the fin ray of the next radial. Thus we 
find that the thr^ parts of a radial are situated obliquely 
backwards from in front. 

The Proximal piece of the radial (p.rd.) is an elongated 
dagger-shaped structure situated in the median septum. Its 
proximal end is thin, pointed and rod-like, and distally it flat¬ 
tens out into a broad structure with a bony head. laterally, 
starting from the head and running to the proximal end is a 
lamina on each side of the piece serving for the attachment 
of the muscles controlling the movements of the fin-ray. Again, 
arising from the head end and directed posteriorly is a short 
thick cylindrical process which points slightly upwards and 
articulates with the proximal end of the mesial piece of the radial. 
On the head there is a small anterior depression to accommodate 
the distal piece of the preceding radial; there are also two 
lateral depressions, one on each side, for the reception of the 
two lepidotrichia constituting a fin-ray. 

The whole proximal piece of the radial is fiexible and 
transparent but the head is condensed and thick. The pro¬ 
ximal end of the piece is connected by ligaments to the neural 
spines between wMch it occurs. 

The Mesial Piece of the radial (m.rd.) is a cylindrical piece 
of bone attached proximally to the distal end of the dorsal 
process of the proximal piece and distally to the distal piece 
of the radial. It is short and directed backwards and upwards 


and branched dermal fin-rays supporting the web of both the paired and 
median fins of all Teleostomi. . . j 

The Camptotriohia are oharewjteristic of the Diponi. They are jointed 
and usually branched fin-rays formed of a bony substance. Each camp- 
totrichium* has an unjointed proximal piece embedded in the connective 
tissue and muscle and a distal jointed region always covered over externally 
by true scales (Goodrich, 29, pages 122, 273, 212 and 232). 
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and is also slightly depressed in its middle portion. The Distal 
Piece of the radial {d.rd.) is a minute rod-like cartilaginous piece 
lodged in a depression on the succeeding axonost. Anteriorly 
it is connected to the distal end of the mesial piece of its radial. 
It usually lies clasped between the proximal ends of the two 
lepidotrichia of the fin-ray belonging to the next radial. 

The Fin-rays (/.r.) show the typical condition. Each is 
comj)osed of two lepidotrichia united almost throughout their 
length and separate only at their bases, where they diverge 
from each other and clasp between them the distal piece of the 
previous radial and also the head of the radial to which they 
belong and whic.h supports them. The fin-rays are all seg¬ 
mented and usually unbranched, the branching starting only 
from about the middle of the length of the ray. In Otolithvs 
the fin-rays of the first dorsal fin are unbranched. 

Each fin-ray possesses a pair of slender actinotrichia at 
its tip, between the lepidotrichia. 



Fig. 24. Loft side view of a radial and dormal ray of dorsal fin 
to show the muscles which work the ray (X 2). 


«, Showing the abductor; h. Abductor removed to show the elevator 
and depressor. 

(hp., ileprossor ; elev., elevator ; /.r., fin-ray ; Labd,, left abductor ; p.rd. 
proximal piece of radial. 


The First Dorsal Fin: The commencement of this fin is 
far forwards, almost on a line with the base of the pectoral fin. 
The fin is composed of ten rays, all of them jointed, sharp and 
spiny but unbranched, the first ray being short and thick. All 
the rays are connected together by a very thin and transparent 
piece of skin. These ten fin-rays are seated on nine radials 
the first of which bears the first two rays and the rest one each. 
Each radial is of the typical structure described already and 
is composed ot the usual three pieces. The last of the nine 
r^ials, however, is represented only by the proximal and 
distal pieces. 

The first radial is situated between the neural spines of 
vertebrae II and III, and the last radial between those of vertebras 
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VIII and IX. The first radial is large and exhibits at its dorsal 
anterior part, a cleft. It bears the first ray which is small 
and spiny, and the second which forms the largest of the ten 
ray^ They gradually decrease in length from the second, 
the last being the smallest. 

The Second Dorsal Fin : This fin arises close behind the first, 
almost continuous with it, and ends only at the base of the 
caudal fin. It is made up of one strong spine and thirty 
branched fin-rays, all of them of nearly equal length. There are 
thirty radials each of the same structure as those of the first 
dorsal. Each bears one ray, except the first which bears in 
addition, the spine. The proximal piece of the first radial 
is situated between the neural spines of vertebrae VIII and IX, and 
that of the last between the neural spines of vertebrae XX and 
XXI. Thus it is evident that more than one proximal piece may 
occur between the neural spines. The last radial is devoid of 
the distal piece. All the axonosts bear the lateral laminae. 

The axonosts decrease in length as we proceed backwards 
and at the distal end of each, on either side of the lateral lamina, 
plenty of fat has been found to be stored and this gives a bright 
yellow colour to that part of the axonost and makes it stand 
out clearly against the white flesh. 

The first spine is short and pointed, and the next fin-ray 
is single and unbranched, the remaining twenty-nine being 
clearly branched. The piectj of skin connecting the fin-rays, 
unlike that of the first dorsal is very thick and fleshy. 

2. The Anal Fin, 

The Anal fin occurs immediately behind the anus. It 
is very short, but its fin-rays are largo in size with numerous 
branches. It is made up of a large strong spine and eight 
fin-rays mounted on seven radials altogether. Occasionally 
an additional short spine is found in front of the first long 
one. In structure, the radials and fin-rays are quite similar 
to those of the dorsal fins. The proximal part of the first 
radial is unusually long; in fact, it is the longest axonost 
of any of the median fins. Its proximal end is directed up¬ 
wards and forwards and at its anterior extremity it curves 
up and lies in close apposition with the anterior face of the 
haemal spine of the thirteenth vertebra (the second caudal). 
The head of this axonost is thick and bears the spine, and 
between it and the next fin-ray is interposed a small piece of 
bone, very probably a basal. Further, the first axonost 
shows an anterior demarcation at its distal end suggesting a 
division of the axonost into two. The presence of the basal- 
like bone and the imperfect division on the first axonost suggest 
that it might have resulted by the fusion of two axonosts. This 
seems quite probable because, while in all other median fins 
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the number of axonosts is just one less than the number of fin- 
rays, in the case of the anal fin it is two less. Veiy likely 
the extra axonost which is missing has fused with the next 
one to form a single axonost. This suggestion is also supported 
by the presence of the basal piece between the spine and the 
fin-ray borne by the first axonost, as otherwise the presence 
of such a basal cannot be accounted for. 

The second axonost of the anal fin is only about half the 
first in length. The others decrease in length from in front 
backwards. The last or the seventh is the smallest and is 
situated between the haemal spine of vertebras 16 and 17* As 
in the dorsal fins, the last radial is represented only by the 
proximal and middle pieces and in this case it carries the last 
two fin-rays. 



Fio. 25. The Anal fin (x 2). 

/.r., fin-ray; rn.rd,, middle pieoe of radial; pr,rd,, proximal piece of radial; 
ap,^ spine of anal fin. 

The piece of skin connecting the fin-rays is thick as in 
the second dorsal fin. 

The Mechanism of the Fin-rays of the Median Fins : Each 
fin-ray is made up of two lepidotrichia closely united to each 
other except at the base where they diverge and clasp the 
axonost which bears them. Six muscles (in three pairs) connect 
the fin-ray to its axonost and these are responsible for the move¬ 
ments of the ray in any direction. 

The first pair of muscles is very broad and short, occurring 
one on each side of the median line. Proxunally they are 
connected to the skin and distally they are attached to the 
broad bases of the lepidotrichia of the fin-ray. These muscles 
are not in any way connected with the radials. Their oontrac- 
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tion inolines the fin-ray sideways. A similar set of muscles 
with quite a similar action found in the Sole has been termed 
by Cunningham,^ the right and left Abductors (l.aM.). 

jyhe other two pairs of muscles connect the fin-ray to 
the axonost. They are called the * Elevators ' {elev.) and the 
‘ Depressors * (dep,) according as they elevate or depress the 
fin-ray in the median plane. In Otolithiia the anterior pair 
forms the elevators and the posterior the depressors. There is 
a right elevator and a left elevator constituting the anterior 
pair ; similarly a right and left depressor constitute the posterior 
pair. The elevators are attached to the axonost proximally 
and are inserted on the body of the axonost in front of the lateral 
lamina. The depressors are inserted posterior to the lamina. 
In other words, the elevator and depressor of one side are sepa¬ 
rated by the lateral lamina. The elevators are broader 
than the depressors and distally they are attached to the anterior 
part of the bases of the lepidotrichia, and the depressors have 
their attachment at the posterior part. Both the elevator 
and the depressor muscles of one side lie beneath and are covered 
by the abductor of the same side. 

The axonosts are connected together by a longitudinal 
ligament which prevents them from hanging loose. There is 
also a transverse ligament which prevents a side-to-side move¬ 
ment of the axonost. The backwardly directed distal process 
of the axonost which goes to meet the mesial piece has a small 
cartilaginous cap, and a similar cap is provided for both the ends 
of the mesial piece. The internal sides of the Uases of the 
lepidotrichia also possess a thin cartilaginous lining. 

3. The Caudal Fin. 

The Caudal Fin of Otoliihvs ruber is large and typically 
Homocercal.* The last vertebra, as already stated, is modified 


1 Cyuniiixigham. The Cotnmon Sole, 1890. 

* There are thiw types of caudal fin in fishes. 

The most primitive type is the Protocercal (Diphyoercal) where 
the vertebral column is continued straight into the caudal fin, the two 
lobes (epiohordal and hypochordal) of which are thus symmetrical both 
extemimy and internally. This occurs in the Holocephali, Polypterus 
and Dipnoi and a few Selachii and Teleostei. 

The next advanced type is the Heterooercal. Here the posterior 
end of both the notochord and the vertebral column is bent dorsalwards 
and the fin-rays show an asymmetrical distribution; the hypochordal 
lobe of the fin will be larger than the epiohordal. This type shows asym¬ 
metry both externally and internally and is found in all the Elasmobranchii, 
Ohondrostei, Amia and Lepidosteua, 

A further specialised type is the Homocercal fin. This is found in 
the majority of the Teleostei. In this case a shortening of the vertebral 
axis takes plaoe, the dorsal lobe of the fin is more suppressed and the 
ventral lobe better developed. The fin is symmetrical externally and 
asymmetrioal internally. 
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and takes a great part in the support of the caudal fin. It is 
imperfectly developed and possesses only half a oentnim. 
From the posterior end of this arise in a radiating manner two 
structures, flattened sideways. These are the two compound 
H 3 rpural bones of the caudal fin. Each of these can be divided 
into three parts. The Urostyle is so constricted as not to be 
visible. There are two very well-developed lateral hypural 
spines, one on each side. Dorsal to the hypurals we get two 
rod-shaped bones which do not quite reach up to the vertebral 
column, but are connected to it by ligaments. These are the 
two dorsal caudal radials; the anterior of these is the longer 
of the two. 



Fig, 26. 


Skeleton of caudal fin (Nat. Size.) 


vertebra; t>.<i.c.L.7vonto£^art 

ventral pkrt of & -• 


penultimate caudal vertebra is 
g and flattened and reaches up to the base of the caudal 


fin tapers to a symmetrical eadtad Iwks likT’a^^X^'e “* 1 fi*® 

^ours as the result of the reduo™^ of thftiu 

hpmoceroal fin in the later developing stagM Suolf a “*■ 

SST ^ OephySciriijootol^lirpriot'^ 
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fin-rays. Thus it forms the single EpuraJ bone (ep.) of the caudal 
fin. The haemal arch of the same vertebra is also flattened 
and forms the first hypural of the caudal fin. 

On the whole, therefore, we have in the caudal fin the 
following elements: a single epural, two dorsal caudal radials, 
three hypural bones (two of them being of a compound nature 
and capable of division into three each), two hypural spines 
and a very much reduced, if not insignificant, urostyle. 

The epichordal lobe of the fin proper is much reduced and 
is made up of only three fin-rays (^ery rarely four or even 
five), all of them unbranched and borne one each by the epural 
and the two dorsal caudal radials. The hypochordal lobe of the 
fin forms the largest part of the caudal fin and consists of nineteen 
fin-rays. These are borne by the hypurals, and the three rays 
borne by the first hypural are also unbranohed. 

The last Caudal Vertebra is inseparably united to the 
caudal fin and contributes much to its formation. It is a 
structure which has all the features of a reduced centrum 
and is united to the penultimate caudal vertebra. A distinct 
neural arch is absent but there is a slight dorsal eminence 
on the centrum. Through this runs a tiny canal which 
seems to be a continuation of the neural canal of the preced¬ 
ing vertebra. In all likelihood the eminence is a vestige 
of the neural arch of the last vertebra. The dorsal tip of the 
eminence is just touched by the proximal end of the anterif)r 
dorsal caudal radial. No indication of a haemal arch is present. 

The posterior end of the last vertebra is slightly directed 
upwards and imperceptibly passes on into the compound 
hypural bones. 

The Urostyle is not clear in the caudal fin. 

In the caudal fin of Otolithus there is onlj’^ one epural 
present. It is the modified neural arch of the penultimate 
caudal vertebra. According to Goodrich (35) it is formed 
by the union of a true radial with the neural spine. It is 
thin and rod-like, long and transparent, springing dorsally 
from very near the posterior end of the centrum of the penulti¬ 
mate vertebra and bearing at its free end a single unjointed and 
unbranched fin-ray, the first fin-ray of the epichordal lobe. 
At the base of the epural there is a tiny neural canal. 

The Dorsal Caudal Radials (d.e.r.) are two in number, 
rod-shaped and occurring posterior to the epural, and connectecl 
to the vertebral column only by ligaments. The anterior one 
is longer and proximally it almost touches the short ill-foritied 
neural arch of the last vertebra. At its distal end it bears 
only one fin-ray—the second fin-ray of the epichordal lobe. 
The posterior dorsal caudal radial is shorter but more flattened 
laterally. Distally it bears the last fin-ray of the epichordal 
lobe of the fin. The dorsal caudal radials are also considered 
as epurals by some authors. 
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The Hypurals are three in number the first being single 
and the others compound. Each compound hjpural is flat» 
tened sideways with its posterior edge typically convex. Be¬ 
tween the two compound hypurals there is a small space filled 
in the fresh condition with muscles. 

The First Hypural (%i.) is a single, flattened, long bone 
derived according to Goodrich (35) by the fusion of the 
hsBmal spine of the penultimate caudal vertebra with the 
corresponding radial of the caudal fin. It gradually broadens out 
towards its distal end where it bears three jointed but unbranched 
fin-rays of the hypochordal lobe. The first hypural is separated 
from the second which lies dorsal to it, except at the distal end 
where it touches the latter. 

The Second Hypural is a large, fan-shaped, compound 
bone forming the ventral of the two compound hypurals in which 
the vertebral column terminates. Proximally it is connected 
to the posterior end of the last vertebra and distally it has a 
convex edge which bears the fin-rays. 

At the base of the second hypural is situated the hypural 
spine (hyp.ap,) one on each side. Immediately posterior to it, 
on each side, is an opening through which the caudal artery 
passes. The openings are confluent anteriorly with the haemal 
canal of the last vertebra. 

The second hypural is divisible into three parts. Lines 
separating these three portions are clearly visible but at the 
proximal end they unite with the lower half of the last vertebra. 
For the sake of description the three parts may be termed, 
according to their position, dorsal, middle and ventral (d,v.c,hy., 
m.vx.hy., and v,v,c,hy, respectively). The dorsal and ventral are 
narrow and of the same length while the middle one is nearly 
four times as broad as the dorsal or ventral. 

The whole second hypural bears at its distal end seven 
of the fin-rays of the hypochordal lobe. The distribution of 
these seven fin-rays among the three parts of the hypural is as 
follows: the dorsal part carries one ray, the middle part four 
and the ventral part two rays. 

The Third Hypural is the dorsal compound hypural. This 
is also largo and laterally compressed and resembles a sector 
of a circle in shape. This also, like the second hypural, can be 
divided into three parts, a dorsal, a middle and a ventral (d.d, 
c.%., m.d.c.%., and vd,c,hy, respectively). In this ccuae the 
dors^ part is the narrower and the mid^e and ventral parts 
broader. Proximally the three converge and indistinguishaUy 
pass into the dorsal half of the last centrum. 

The distal end of the bone is convex and bears nine 
fin-rays, each of the three parts carrying three rays. The 
dorsal part bears the first th^ rays of the hypochordal lobe 
of the caudal fin. 

The Caudal Fin-rays and their Structure: As already 
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stated, the fin-rays are twenty-two in number. Of these, three 
go to form the epiohordal lobe which fails to reach the extremity 
of the caudal fin, and the remaining nineteen form the hypo- 
chor(^ lobe which represents the main part of the tin. The 
last uiree fin-rays of the hypochordal lol^ (borne by the ven- 
tralmost hypural) are single and unbranched and the last two 
alone do not reach the extremity of the fin. 

Each fiin-ray, like that of the dorsal or the anal tin, is 
paired in structure. It consists of two lepidotrichia each 
separable from the other longitudinally. Proximally the two 
lepidotrichia diverge slightly and clasp between them the car¬ 
tilage-capped distal end of the epural or hypural that bears 
them. Distally the two lepidotrichia lie in close apposition. 
They are thick and round proximaUy and flattened out distally. 
In the proximal half of each ray, in the space between the two 
diverging lepidotrichia has been noticed a large quantity of fatty 
substance which gives, in the fresh condition, a yellow colour to 
the base of the caudal fin. 

The fin-rays do not have proximal articular processes as 
in those of the paired fins, connecting each with its neighbour. 
The space between any two rays is filled up with muscles 
and fatty substance. 

A pair of actinotrichia is present at the distal end of 
the fin-ray, between the two lepidotrichia. 

II. Appendicular Skeleton. 

The Appendicular Skeleton comprises the Pectoral girdle, 
the Pelvic gMle, and the Pectoral and Pelvic fins. The pectoral 
girdle and fins are situated far forwards immediately behind 
the posterior end of the operculum. The pelvic girdle and fins 
are situated more ventrally, in fact, on the mid-ventral line, 
on a level with the pectoral fins and may therefore be said to be 
thoracic in position. 

Pectoral Girdle, 

The pectoral girdle lies behind the posterior angle of the 
operculum. It is made up of two symmetrical halves, each 
being independent of the other except for the union of the 
tips of the two cleithra at the anterior end under the throat. 
The tips of the cleithra converge towards the median line and 
meet at the anterior end and thus abut into the angle 
formed by the two halves of the hyoid cornu. A ligamentous 
oonneotion exists between these tips and the posterior end of 
the median urohyal bone. 

The Peotorad girdle may be divided into 1. The Primary 
Girdle and 2. The Secondary Girdle. The former is endoske- 
letal in origin and much reduced but the latter is dermal and 
more prominent. 
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The primary girdle is made up of the Coraoo-soapular 
elements, the Coracoid and Scapula, both of them paired, one 
member of each pair going to form one half of the girdle. The 
two halves of the primary girdle are distinct and do not meet 
in the middle line. The Meso-ooracoidal element is absent in 
the pectoral girdle of Otolithm. 



Fia. 27. External view of the loft half of pectoral girdle and fin ( x If). 

cl., oleithrum ; co., ooraooid ; f.r., fin-ray ; f.rd., fin-radial; p.cLL, linear 
part of post-oleithrum; p.cl.o., oval part of post-cleithrum ; 9c., scapula ; 
ac.f., scapular foramen; 9.cl., supra-clei thrum ; sp., spine of pectoral fin. 

The secondary girdle is similarly made up of two identical 
halves which, however meet in the middle line, viz., the union 
of the two cleithral tips anteriorly. Each half of the girdle 
consists of the Oleithrum, a large L-shaped bone (the largest 
bone in the whole girdle), the Supra-cleithrum which is united 
to the cleithrum dorsally, the Post-temporal which connects 
its half of the girdle to its side of the skull, and the Post-cleithrum 
attached ventral to the cleithrum and possessing a cartilaginous 
spine-like piece directed towards the mid-ventral line. 

The Primary Girdle is relatively unimportant compared 
to the secondary girdle. The coraoo-soapular elements whioh 
comprise it are attached to the inner side of the cleithra, (the 
clavicles). 

The Scapula {sc.) is a roughly oval bone with a large foramen, 
the scapular foramen, in its middle so that it has the shape 
of a ring. It is found on the inner face of the angle of 
the L-shaped oleithrum. Dorsally and anteriorly it secures 
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attaohment to the oleithrum, ventrally to the coracoid, and its 
posterior edge bears the radials of the pectoral fin. Anteriorly 
a part of the scapula is overlapped by the outer lamina of the 
cleithrum. The posterior edge of the bone is straight and bears 
almost all the radials except the first which is attached to the 
coracoid. Along the sides of the scapula except the posterior, 
is a thin cartilaginous line separating the bone from the ad¬ 
joining edges of the surrounding bones. 

The Coracoid (co.) is a roughly L-shaped bone, the bend 
of the L being a bit rounded off. The long arm of the L is con¬ 
nected anteriorly to the inner lamina of the cleithrum while the 
short one is connected dorsally with the cleithrum and poste¬ 
riorly with the scapula. The long arm is also produced beyond 
the angle of the L into a posteriorly directed short spiniform 
process. The ventral edge of the short arm bears the first 
radial (brachial ossicle). There is a triangular foramen in 
the inner lamina of the cleithrum owing to the L-shape of the 
coracoid. The dorsal edge of this foramen is formed of the 
cleithrum, the posterior by the shorter arm of the coracoid 
and the ventral by the long arm of the coracoid. Between 
the coracoid and the scapula there persists a small strip of 
cartilage. 

The Secondary Girdle is better developed than the primary 
and assumes greater importance. It is made up of four bones. 

The Cleithrum-(clavicle)-(cZ.) is a large L-shaped bone. 
The short arm of the L is single but the long arm is folded on 
itself so that there is an outer lamina and an .iiner lamina. 
There is a deep groove situated in the angle formed by these 
two laminse. The inner lamina has on its inner side, at the 
anterior end, a deep canal, the muscle canal. Dorsally also at 
the anterior end of the long arm, on the outer lamina, is another 
muscle canal. The long arm lies horizontally with its tip 
directed anteriorly where it unites with the tip of the cleithrum 
of the opposite side. The short arm lies vertically, with its tip 
pointing dorsally. Near its dorsal end is an external semi¬ 
oval depression which lodges the lower half of the oval supra- 
cleithrum. On the inner lamina of the cleithrum, immediately 
in firont of the anterior edge of the scapula, is another well- 
developed muscle canal. 

The Supra-cleithrum {s.cL) is an oval bone with a well- 
developed flattened knob at the end connected with the supra- 
temporal. Its lower half overlaps the tip of the shorter arm 
of the cleithrum and its distal knobb^ end is overlapped 
by the supra-temporal. It has a prominent strong ridge on 
its anterior margin. 

The Post-cleithrum {p,cl,) is made up of two pieces, an 
upper oval piece and a lower linear piece which is slightly broad 
at its base and pointed distally. The post-cleithrum is attached 
to the inner side of the angle of the cleithrum by the oval part 
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which passes internal to the radials, while the linear piece is free 
and lies in the musculature directed towards the mid-ventral 
line. 

The Post-temporal (pMmp,) consists of a thin, oval, expanded 
fan-like, posterior piece with rays, and anteriorly, two limbs, 
one long and point^ and the other short with a clubbed end. 
In fact, the fan-like piece may be said to be forked anteriorly. 
The long pointed limb is flat and connected by fibrous tissue 
to the dorsal surface of the epiotic bone at the place where the 
two epiotic processes start. The shorter limb is attached to 
the opisthotic bone, its distal tip being lodged in a small de¬ 
pression on the dorsal surface of that bone. 

The broad leaf-like portion of the post-temporal is oval 
in shape and the rays which proceed from its base (wherefrom 
the forking begins) to the periphery. On the outer surface of 
the fan-like piece there are two small tunnels, obviously of the 
lateral line canal. On the inner surface there is a depression 
into which the knobby head of the supra-cleithrum fits. Very 
near the depression is a minute foramen. The supra-temporak 
overlaps the upper half of the supra-cleithrum. 

Pectoral Fin. 

The skeleton of the fin consists of The Radials and the 
Fin-Rays. 

The Radials are four in number varying in size. The 
last ventral radial is the largest and the other tlmee are situated 
dorsal to it, each smaller than the one below, so that the first 
of the dorsal is the smallest. Dorsal to these four is seen a small 
knob-like projection from the scapula. This projection bears 
a single fin-ray, the first one dorsally. The last or the ventral- 
most radial is borne at the joint between the scapula and the 
coracoid and the rest of the radials are borne by the posterior 
edge of the scapula. The coracoid thus contributes very little 
to the glenoid formation. The distal free ends of the radials 
are broad and flattened. Connecting the distal ends of all 
the radials is a thin cartilaginous strip to which are attached 
the fin-rays. 

The Pin-Rays are seventeen in number. This number 
was found constant in half a dozen specimens that were 
examined. Each ray consists of two pieces—lepidotrichia— 
enclosing (not completely enclosing, however) a central core 
of soft tissue. The ray is segment^ for the greater part of its 
length, only a small portion of the proximal end being im- 
segmented. The proximal ends of the two lepidotrichia diverge 
and clasp the cartilaginous strip already described. Each 
piece of the ray gives off, near the ai^iculation to the cartilaginous 
piece, a downwardly (hrected articular process, and the two 
processes of each fin-ray clasp the head of the ray immediately 
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below it. This mechanism of one ray holding tightly the ray 
next below it gives the whole fin some rigidity which it would 
lack were the fin-rays independent of one anotW. 

JThe first or the pre-axial fin-ray is unsegmented, short 
and spine-like with a swollen protruding head which articulates 
directly with the small knob of the scapula. All the other rays 
are long, segmented and branched and the branches may vary 
from two to four in number. The rays slightly decrease in length 
from the pre-axial to the post-axial margin of the fin. 


Pelmc Oirdle. 

The Pelvic girdle, like the Pectoral, is made up of two 
similar halves. Eeich half of the girdle consists of a single 



Fra. 28. Ventral view of pelvic girdle and fin (Nat. Size). 

a.p»pL, anterior process of pelvic girdle; e.v.r., external ventral ridge; 
/.r., fin-ray ; t.v.r., internal ventral ridge ; p.b,, pelvic bone; pl,th., poB^noT 
thickening of pelvic bone; p^p.pU, posterior process of pelvic girdle ; 
ap., spine of pelvic fin ; spJb,, enlarged base of spine. 

bone, the Pelvic bone (pA.), which is triangular in shape, the 
apex being anterior. The base of the triangle is rather short, 
while the other two sides are nearly twice as long as the base 
and meet far anteriorly at the apex. The inner margin of the 
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bone is at right angles to the base, and the two inner margins 
of the two halves of the girdle lie close together in the mid-ventral 
line. The base, namely, the posterior margin, is very much 
thickened in the form of a stout rod There is fusion 

between the two thickened bases of the two halves. •It is to 
this thickened base that the pelvic fin-rays are attached. Ven- 
trally, on each pelvic bone there are two large wall-like ridges 
which meet at the outer angle at the base of the bone, and 
serve for the attachment of muscles. Ventrally, from the 
posterior thickened part, on either side of the mid-ventral 
line is a small bony process directed backwards. There is a 
similar thin process directed forwards. The dorsal surface of 
the pelvic bone is quite simple except for a deep groove situated 
close to the outer ^ge, for the lodgement of muscles. 

The Pelvic girdle as a whole is lodged in the angle formed 
by the two cleithra of the pectoral girdle and its tip is attached 
by ligaments to the united tips of the cleithra. 

Pelvic Fin, * 

Radials for the support of the pelvic fins are absent in the 
pelvic girdle of Otolithua, The posterior thickened ossification 
on the pelvic bone serves for the attachment of the fin-rays. 
There are six fin-rays on the whole, constituting the pelvic fin. 
The first or the outermost one is very long and spine-like. The 
other five are segmented and branched profusely. The proximal 
end of each fin-ray is bifid as in the case of the pectoral fin i.e., 
there are two lepidotrichia going to form a fin-ray, but distally 
the lepidotrichia are almost inseparably united together. The 
lepidotrichia of a fin-ray give off proximally two inwardly 
dkected articular processes which clasp tightly between them 
the base of the fin-ray immediately inner to them. This 
condition is similar to what obtains in the pectoral fin, giving 
rigidity to the fin as a whole. Distally, each ray is branched, 
the branches being more than twenty in some cases. The rays 
decrease in length as we proceed inwards. 

A pair of actinotrichia occurs on each fin-ray as in those of 
the pectoral fin. 
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Introduction. 

Since the publication of my paper' on some of the common 
Dicotyledonous Flowering Plants, I have been engaged in a 
systematic study of the Monocotyledonous material in the collec¬ 
tions of the Botany Department of the Osmania University. 
The present paper is a record of some of the Monocotyledonous 
plants found either wild or under cultivation in the Hyderabad 
Dominions. Here again, as in the last paper, I have mainly 
confined myself to the city environs, and Mulug—a talukha of 
the Warangal District of Hyderabad, and a Government Forest 
Reserve. 

The arrangement of the families is in accordance with the 
classification adopted by Engler and Prantl in ‘ Der Naturlichen 
Pflanzenfamilien ’ and revised by Engler in ‘ Syllabus der 
Pflanzenfamilien ’. Notwithstanding the defects of this system 
from the phylogenetic point of view, especially in the case of 
Monocotyledons, I have followed it only for the sake of a little 
convenience which I feel in the comparatively narrower limits, 
of some of the families in this system, viz. Scitamineas of Bentham 
and Hooker’s Classifioation is split up into four distinct fancies 
by Engler, i.c., Musaceee, Zingiberapeae, Cannaceae, and 
Marantaceae. Altogether 111 species belonging to 23 families of 
Monocotyledons are recorded, out of which 30 are believ^ to 
have a medicinal value and which are remarked as medicinal 


1 JA8B, 8c., Vol. I, 1936, p. 9. 
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or officinal at the end of their description. The literature cited 
at the end of the paper may be referred to for the medicinal 
properties of the plants mentioned as medicinal in this list. 
I have recorded a number of vernacular names of the plants, but 
they are not sufficient by themselves for identifying any plant. 
They may be advantageously used as mere dues for the deter¬ 
mination of the species, but in every case the results must be 
confirmed by an examination of the plants. 
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Systematic Account. 

I. TYPHACE.E. 

1. Typha elephantina Roxb., F.BJ,, VI, p. 489. 

Syn .:—Typha angustifolia Linn. 

Vem. Name : Tunga (Hind.). 

Habitat : Extremely common throughout the Dominions, 
in canals and riversides, etc. 

Uses: The culms are formed into hoods by the Coonbis 
(agricultural class of villagers), to protect themselves from rain. 
Tunga is a favourite food of elephants. Medicinal. 

II. PANDANACE^. 

2. Pandanus odoratissimus Linn., F.BJ., VI, p. 485. 

(The Screw Pine.) 

Fern. Names : Keura (Hind.); MogiUi (Tel.). 

Habitat : Found throughout the Dominions near water¬ 
courses. Also planted in gardens. 

Uses : The fr^ant flowers are sold in the bazaars. They 
are worn in the hair by women ; and are used in temples. The 
leaves yield an excellent fibre. Medicinal. 
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m. POTAMOGETONACE^. 

3. Potamogeton indicus Roxb., VI, p. 665. 

'habitat ; Abundant in pools, tanks, and water>courses. 

IV. APONOGETONACEAE. 

4. Aponogeton monostachyon Linn., VI, p. 564. 

Habitat : In tanks and pools. 

V. ALISMACE.E. (ALISMATACE^.) 

5. Sagittaria sagittifolia Linn., F.B.I., VI, p. 561. 

Habitat ; Pretty common in water-holes in many parts. 
Uses : The leaves are eaten as greens. 

VI. HYDROCHARITACE.®. 

6. Ottelia alismoides Pers., C.F.B.P., V, II, Pt. IV, p. 671. 

Habitat : Very common in ponds and lakes, at least on 
the Telangana side. 

7. Hydrilla verticiUata Presl., C.F.B.P., V, II, Pt. IV, p. 668. 
Habitat : Commonly found in ponds and tanks. 

8. Elodea canadensis Michx., Mayuranathan, p. 279. 

Habitat : Very common in jrands and lakes. It is a native 
of Canada and the United States, but it is naturalized in many 
parts of India. 

9. Vallisneria spiralis Linn., C.F.B.P., V, II, Pt. IV, p. 669. 
Habitat ; Found in ponds, also grown in cisterns in gardens. 

VII. GRAMINEiE. 

10. Pennisetum typhoideum Rich., F.B.I., VII, p. 82; 
(The * Bajra ’ Mmet.*) 

V&m. Name ; Bajra (Hind.). 

Habitat : Largely cultivated all over. 

JJaet The grains which are much mferior to Jawar (Andro- 

pagan sorghum) are used as food by the poor dasses. 
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11. Panicum miliaceum Linn., FSJ., VII, p. 46. 

Vem, Name : Worgho (Tel.). 

Habitai: Cultivated. 

12. Panicum italicum Roxb., FJ., I, p. 302. 

Vem, Name : Rallah. 

Habitat : Cultivated towards Aurangabad side, also in the 
Warangal District. 

Uses : The grains are a good food of pet birds. 

13. Paspalum scorbiculatum Linn., F.B,I,, VII, p. 10. 
Habitat : As far as I know it is not wild, but is cultivated. 

14. Saccharum officinarum Linn., F,B,I,, VII, p. 118. 

Vern, Names : Naushakar^ gunna (Hind.). 

Habited : Not wild ; is now being extensively cultivated in 
the Nizamabad District with the abundant supply of water 
from the * Nizam Sagar *. 

Uses : Its use as the chief source of our manufactured sugar 
is too well known. Medicinal. 

15. Saccharum cylindricum Lamk., Duthie— The Fodder 
Orasses of North India, p, 23. 

Syn.:— Imperata arundinacea Cyrill. 

Vern, Name : Ban, for cord only (Hind, local). 

Habitat : Very common. 

Uses : The dried culms make a strong cord known as 
* ban * with which the village cots are corded. 

16. Ischsemum pilosum Hack., F,B,I,, VII, p. 130. 
Vern, Name : Kunda (Mar.). 

Habited : A common grass of the Marhatwari side. A 
great pest to the cultivators. 

17. Andropogon contortus Linn., F,B,I,, VII, p. 199. 

Vem, Names : Suriali, Survede-ki-ghas (Hind.); yedi (Mar.) 
Habited : A very common grass in all places. 

Uses: When green, this grass makes a good fodder for 
cattle. 
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18. Andropogon squarrosus Linn., F.BJ., VII, p. 186. 

Vem. Name : Khaa (Hind.). 

Habitat : Not very common. 

Uses : The roots either alone or mixed with Rowm grass 
are made into ‘ chicks ’ and hung in front of doors in summer. 
When moistened they emit a pleasant fragrant odour. A perfume 
is also extracted from the roots. Medicinal. 

19. Andropogon irasacusa or schoenanthus Linn., F.BJ., 
VII, p. 204. (The Kusa oil grass.) 

Vem. Names : Rausa, Rowsa (Hind.). 

Habitat : Common everywhere in open fields. 

Uses: A fragrant oil is distilled from it. This grass is 
used with the Kh^ grass for chicks. Cattle fed on it are said 
to yield good milk. The oil is believed to have a medicinal 
value. 


20. Andropogon sorghum Brot., F.B.I., VII, p. 183. 

(The ‘ Juar * Millet.). 

Vem. Names : Jawar, Jawar, Jowari (Hind.); Jonna (Tel.). 

Habitat : Both the yellow and white varieties are 
extensively cultivated all over. 

Uses : The grains form the staple food of the poor classes. 
The stalks with leaves known as ‘ Karbi ’ are the chief fodder 
for cattle. 

21. Goix lachryma Linn., F.B.I., VII, p. 100. 

(Job’s tears.) 

Habitat : Common in rice fields and marshy places. Plants 
were collected from a rice field in ‘ Mulug ’. 

Uses : The white glazy nuts are used as beads by some 
of the wandering tribes like the ‘ Lambadas ’ and the ‘ Banjaras ’ 
who also use them for working in embroidery on their clothes. 
Medicinal. 

22. Anthistiria ciliata linn., F.B.I., VII, p. 213. 

Fern. Name : Chuneria (Hind.). 

Habitat : A common grass in pastures and forests. 

Uses : Good for cattle grazing. 
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23. Aristida setacea Retz., F.BJ., Vn, p. 225. 

(Broom grass.) 

Vem, Names : Jadoo-ka ghas (Hind.); Sepru-gaddi (Tel.). 

Habitat : A common grass, growing on dry open grotmd 
and on hill-sides. 

Uses : Dry culms are tied up in bundles, and are used as 
brooms. 

24. Aristida redacta Stapf., F.BJ., VII, p. 227. 

Habitat : A troublesome grass which is very common on 
dry soil and hill-slopes. 

25. Gynodon dactylon Pers., F,BJ., VII, p. 288. 

Vem. Names : Dvba^ Kali ghas^ hariali (Hind.); Haryali 
(Tel.); Durva, Haryeli (Mar.); Arugam-pilla, Hariali (Tam.). 

Uses : Good for cattle grazing. It is much used for laying 
out lawns, etc. Medicinal. 

26. Eleusine coracana Gcertn., F.BJ.^ VII, p. 294. 

(Ragi Millet.) 

Vem, Names : Muttengapilloo (Tel.), Makra (Hind.). 

Habitat : A cultivated grass. 

Uses : An article of diet for the poor classes. 

27. Eleusine aegyptiaca Desf., F.B.I,, VII, p. 295. 

Habitat : Also cultivated. 


28. Oryza sativa Linn., F,B,I,, VII, p. 92. 

(The Rice plant.) 

Vem, Names : Dhan (applied to the grains with the husk 
on), Chaval (Hind.). 

Habitat ; Wild in many parts of India. Partridge mentions 
that it is wild in Hyderabad also, but I have not seen it. 
Cultivated extensively towards Telangana side. 

Uses : Rice is a staple food of all classes. Several savoury 
and sweet preparations are made of it. Light preparations as 
diets for invalids are made out of rice. Boiled rice, when hot, 
has been used for making poultice as substitute for linseed or 
flour. Medicinal. * 
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29. Bambusa arundinacea Willd., FMJ., Vll, p. 395. 
(The Spiny Bamboo.) 

Vem. Names : Bans (Hind.); B(mgu, Yedru (Tel.); 
Manigai (Mar.). 

Habitat : This is the principal species in the Warangal 
forests, as well as in the north of Godavari, and in Amrabad. 

Uses : Used in mat-making, baskets, scaffolding, etc. 


30. Dendrocalamus strictus Nees., F.B.I., VII, p. 404. 

Syn.:—Bambusa stricta Roxb. (Male Bamboo.) 

Vem, Names : Bans (Hind.); KanJca, Yedru (Tel.). 

Habitat : Common both on the Marhatwari and on the 
Telangana side. 

Uses : The bamboos are strong and elastic ; they are usea 
for building purposes, baskets, and mat-making, and m the 
manufacture of cane furniture, etc. 

31. 2^ mays Linn., F.B,L^ VII, p. 102. (Maize.) 

Vem, Names : Makhiy MaJcai^ Mahai-ka-hhutta (for fruit), 
(Hind.), 

Habitat : Cultivated all over. 

Uses : The roasted fruit is nourishing and tasty. Maize 
meal is a valuable diet for invalids and children. Medicinal. 

32. Triticum vulgare or sativus Vill., F,BJ,, VII, p. 367. 

Vem, Name : Oehoon (Hind.). 

Habitat : Cultivated more towards the Marhatwari aide 
than towards the Telangana. 

Uses: Too well-known as an article of food, etc. to be 
detailed here. 


VIII. CYPERACE^. 

33. Cyperus rotundas Linn., F,B.I., VI, p. 614. 

Vem. Name : Naga-muiha (Tel.). 

Habitat ; Extremely common with Hariali (Cynedon 
daetylon) to the extent of being a pest wHich is most difficult to 
eramcate. 

Uses : The tubers are a favourite food of pigs and are 
supposed to be very fattening. An oil is extracted from the 
tuWs, being used for anointing the hair. 
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34. Gyperus scario^s Br. Prodr., p. 216, F.BJ,, VI, p. 612. 
Habitat ; Common throughout. 

35. Sclrpus articulatus Linn., F.BJ,, VI, p. 656. 
Habitat : Common on the margins of water holes. 


IX. PAUL®. 

36. Caryota urens Linn., F.BJ., VI, p. 422. 

Vem, Names : Ban-khajur (Hind.); Mari, Tar-mardi (Tel.); 
Berli (Mar.). 

Habitat : Frequently cultivated ; often found as an escape 
in many places below tank bunds, viz. in Pakhal and Yellunda, 
etc. Widely distributed throughout India from the Sikkim 
Himalaya and Assam to Ceylon. ^ 

Uses : Fine fishing-lines are made from the rachis of the 
long spadices. The root and stem are hollowed to make 
buckets for water. The pith is similar to sago and makes a 
nutritious porridge. A large quantity of toddy is yielded by the 
out spadix. The leaves yield a good fibre which is used in 
making ropes, brooms, etc. 

37. Borassus flabellifer Linn., F,BJ., VI, p. 482. 

Syn.:— B, flahelliformis Linn. (Palmyra Tree.) 

Vem. Names : Tar, Tad (Hind.) ; Potu-tadi (for male 
plant), Penti-tadi (for female plant) (Tel.); Tad (Mar.). 

Habitat : Though a native of Tropical Africa the Palmyra 
palm has run wild throughout India, and especially in the 
Dominions it occupies vast areas of waste lands forming pure 
forests or intermixed with the wild date-palm. An interesting 
feature is that, towards Telangana side, many of these palms 
come out from the middle of the trunks of Ficus hengaleusis. 

Uses : Many are the uses to which this palm is put and it is 
one of the most important and valuable of forest trees. The 
chief product is ‘ toddy ’—^the sap of the cut peduncles. 
Government derives a good revenue from this soimce, and these 
palms are strictly preserved for this purpose. The hard outer 
wood is employed in making reepers, rafters, posts, etc. The 
trunk split longitudinally and hollowed out is used for water 
channels, and in making canoes. The leaves are employed in 
making baskets, mats, fences, &ns, etc. The fibre from the leaves 
is used in thatching, for tying bamboos, etc. The tender fruits 
* Munjdl * are eaten and are very much relished. 
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38. Phoenix sylvestris Roxb., VI, p. 425. 

(Wild Date-palm.) 

Vem. Names : Khajur, Sarvdola, Sendhi (for the sap), 
(Hind.); Leta (Tel.); Shindi (Mar.). 

Habitat : Extremely common throughout the Dominions, 
especially on the Telangana side, forming a gregarious forest 
growth for miles. 

Uses : The chief product is the sap ‘ Sendhi * (toddy) which 
brings a considerable revenue to Government, and as has been 
stated for Borassvs these palms are also strictly preserved under 
the Excise Regulations. The trunk and leaves are put to much 
the same uses as those of Borasavs» The fruit which is a very 
inferior kind of date is eaten. 

39. Phoenix acaulis Linn., F,BJ,, VI, p. 426. 

(Dwarf Date-palm.) 

Fern. Name : Jangli Khajur (Hind.). 

Habitat : Not abundant. Found on dry hill-slopes, etc. 

Uses : The leaves are employed for making mats, brooms, 
etc. The stem yields a pith-like sago. The fruit is eaten. 


40. Phoenix humilis Royle., F,B.Ly VI, p. 426. 

Vem. Name : Advi eeta (Tel.). 

Habitat : Very common towards Warangal side. 

41. Phoenix dactylifera Limi., Brandis’ Indian Trees^ p. 645. 
Vem. Name : Khajur (Hind.). 

Habitat : Cultivated to a very small extent in gardens. 
Uses : The fruits are very much relished. 


42. Areca catechu Linn., F.B.L, VI, p. 405. 
(Betel-nut Palm.) 

Vem. Names : Supari, Supiari (Hind.); Poka (Tel.); 
Pung (Mar.). , 

Habitat: Commonly cultivated in gardens. 

Uses : The nuts ‘ Supari ’ are chewed with betel leaves 
' Pan *. The seeds are used in turnery for small ornamental 
work, toys, etc. The sheaths of the leaves are made into hats 
on the Malabar Coast. 
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43. Cocos nucifera Linn., F,B,L, VI, p. 482. 

(The Cocoa-nut Palm.) 

Vem, Names : Nariel (Hind.); Tenkai Kobbari (Tel,). 

Habitat : Although perhaps a native of Tropical America, 
the Cocoa-nut palm is cultivated in many parts of India, near the 
sea-side. It is cultivated to a small extent in gardens. 

Uses : Too well-known to need detailed description. All 
parts of the plant are useful. * Kopra * both &esh and dried is 
one of the important ingredients of Madrasi curries as well as 
those of Hyderabad. The oil is used in cooking and burning, 
and also for hair. It is also used in the manufacture of candles 
and soap. 


44. Livistonia chinensia Br., F.BJ., VI, p. 434. 

Syn.:— Livistonia sinensis Mart. 

Habitat: Cultivated; it is a Chinese and Japanese species. 

45. Calamus rotang Linn., F.B.L, VI, p. 447. 

(The Rattan-cane.) 

Fem. Names : Bety Bed (ffind.); Belam (Tel.). 

Habitat : Out of the places so far visited by me I found this 
only in the Warangal District, along the Moruncha Channel, 
below the Ramappa tank. The quality of cane is rather inferior. 

Uses : Being not quite strong it is fit only for making 
baskets, mats, bl^ds, etc. 

X. ARACEiE. 

46. Amorphophalus campanulatus Blume., F,BJ,y VI, p. 513. 

Syn.:— Arum campanulatum Roxb., p. 629. 

Vem, Names : Zamin-lchandy JanglUsuran (Hind.); Suran 
(Mar.); Kanda-gvMa (Tel.). 

Habitat : Apparently wild in the Kareemnagar District of 
Hyderabad, and Daulatabad from where specimens were sent to 
me. It is also cultivated. 

Uses : The corm and the seeds are used as an external 
application for rheumatic swellings (local information). The 
corm is eaten after carefully wa^hii^ and heating it. 

47. Pistia stratioites Linn., F.BJ,y VI, p. 497. 

(The Water-Lettuce.) 

Vern, Name : Jai-kumbhi (Hind.). 

Habitat : Very common in standing water. 

Uses : Medicinal. 
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48. Pothos scandens Linn., F.BJ., VI, p. 661. 

Habitat : I have not seen it wild, but it is grown in gardens 
and is a fitronrite climber. 

49. Colocasia antiquorum Schott., F.BJ., VI, p. 551. 

Syn.;— Arum Colocasia Willd., Roxb., p. 624. 

Vem. Names : Arvi, Cham-hire-ka-gudda (Hind.); Chama^ 
kura, Chama-gudda (Tel.). 

Habitat : Cultivated extensively for its tubers. Medicinal. 
The following are planted in gardens :— 

50. Alocasia sp. 

51. Aglaonemasp. 

52. Anthurium sp. 

53. Galadium bicolor. There are several varieties of 

this species. 

XI. LEMNACE.E. 

54. Lemna polyrhiza Linn., C.F.B.P., II, Pt. V, p. 832. 
(Duck-weed.) 

Habitat : Abundant in ponds, etc. after the rains. 

55. Wolfifia micheUii Schleid., C.F.B.P., II, Pt. V, p. 832. 
Habitat : Minute floating plants in ponds and tanks. 

XII. ERIOCAULACEiE. 

56. Eriocaulon sieboldianum Sieb and Zuce., F.BJ., VI, 

p. 577. 

Habitat: In wet places near ponds and canals, etc. 

XIII. BROMELIACEiE. 

67. Ananas sativus Shult., C.F.B.P., V, II, Pt. IV, p. 744. 
(Pine Apple.) 

Vem. Name : AnauTtas (Hind.). 

Habitat : Rarely cultivated here. (There are plants in the 
Botanic Garden, Osmania University). 

Uses : Pine apple is very much relished. Vinegar is 
prepared, although on a very small scale from pine apples. 
Me&oinal. 
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XIV. COMMELINACEiE. 

58. Commelina subulata Roth., VI, p. 369. 

Habitat : Common throughout. Specimens were collected 
from^the vicinity of the Osmania University at Adigmet. 

59. Commelina benghalensis Linn., F.BJ,, VI, p. 370. 

Habitat : Very common everywhere. It seems to prefer 
rather dry situations and hard ‘ morum ’ soil. Specimens were 
collected at Adigmet. It possesses underground flowers. 

60. Commelina paleata Hassk., F.BJ,, VI, p. 372. 

Habitat : Very common. Specimens were collected from 
Adigmet. 

61. Cyanotis tuberosa Schultes., F,BJ., VI, p. 386. 

Syn.:— Tradeacantia tuberosa Roxb. 

Habitat ; Very common round about Adigmet. 

Uses : Medicinal. 

62. Cyanotis axillaris Roem and Sch., F,BJ.^ VI, p. 388. 

Syn.:— Tradeacantia axillaris Linn. 

Fern. Name : Golagandi (Tel.). 

Habitat : As common as the preceding species. 

Uses: Medicinal. 

Different species of Tradeacantia are grown in gardens, 
particularly Tradeacantia zebrina for its handsome foliage. 


XV. POTEDERIACEiE. 

63. Eichhornia crassipes Solms, Mayuranathan, p. 289. 
(The Water Hyacinth.) 

Syn.:— Eichhornia speciosa Kunth. 

Habitat : A common weed in tanks and canals. 

64. Monochoria vaginalis PresL, F.B.I,, VI, p. 363. 
Syn.:— Pontederia vaginalis Linn. 

Habited : Very common in most pools and canals, etc. 
Uses : Medicinal. 
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XVI. LILIACE^. 


66. Asparagus racemosus Willd., VI, p. 316. 

•‘Fern. Names : Safed-musliy Shakakul (Hind.); Sima-shata^ 
vari —for dry root (Tel.); Shatavali (Mar.). 

Habitat : Quite common in forests, especially in the 
Warangal District. 

Uses : Tuberous roots are pickled and shoots are eaten as 
vegetable by the villagers. Medicinal. 

The following are cultivated as ornamental plants in 
gardens:— 

66. Asparagus plumosus. 

67. Asparagus nanus. 

68. Gloriosa superba Linn., F.B.L, VI, p. 368. 

Vern, Names : Bach~nag. NaUka-hachhnag (Hind.); Bisha 
(Beng.); Kartikaikishangu (Tam.). 

Habitat : Spreading rapidly towards Vikarabad side 
amongst bushes and in forest, also met with in the forest on the 
Warangal side. 

Uses : ' The flowers are used in Hindu festivals. Medicinal. 

69. Smilax macrophylla Roxb., F.B.Ly \ I, p. 310. 

Vem, Names : Jtingli-ushhah, Chohchini, Kamurikal 
(Hind.) ; Qutiy Gutwel (Mar.); Malait-tamara (Tam.); Konda» 
tamara, Sitapu, etc., (Tel.). 

Habitat : Common in Aurangabad in the Ghat jungles, 
also in the Nizamabad District in forests where the author 
had seen it growing. 

Uses ; Medicinal. 

70. Smilax prolifera Roxb., Fh Ind,y III, p. 795, F,BJ,y VI, 

p. 312. 

Fern. Name : Kunda-gvrvaiiga (Tel.). 

Habitat : Common in most forests. 

71. Urglnea indica Kunth., F'.BJ., VI, p. 347. 

Vem. Names : Kanday jangli-piaz (Hind.); Kande (Beng.); 
Ranabha-kanda (Mar.); Nakka-vuUi-gad^ (Tel.). 

Habitat : Common throughout, especially in sandy situa¬ 
tions. 
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Uses : The bulbs are said to be used by Hindus in the 
preparation of ‘ ashes of silver * which is employed in medicine. 

72. Scilla indica Baker., F.BJ,, VI, p. 848. 

Vem, Names : Bhui^kanda (Hind.); Shirunari-vengayam 
(Tam.). 

Habitat: Common towards Warangal side in grassy places 
and scrub-jungle, also towards Golkonda Port from where the 
specimens were obtained. 

Uses : Medicinal. 


73. Allium cepa Linn., F.BJ., VT, p. 337. 

(The common Onion.) 

Vem. Names : Piyaz (Hind.); Vullugaddalu (Tel.); Kanda 
(Mar.); Vella-vengazam, etc. (Tam.). 

Habitat : Cultivated all over. 

Uses : Onions form the chief ingredient of almost aU 
Indian curries. 

74. Allium sativum Linn., F.BJ., VI, p. 337. 

(Garlic.) 

Fern. Names : Lassun, Lahsun (Hind.); VeUvlUtalla-gadda 
(Tel.). 

Habitat : Cultivated for its economic importance. 

Uses : Garlic like onion is also one of the chief ingredients 
of Indian curries. Medicinal, 

The following are garden favourites :— 

75. Dracaena, several species and varieties. 

76. Agapanthus umbellatus. 

77. Frittilaria, several species and varieties. 

78. Hemerocallis (Dry Idly) several species and varieties. 

79. Gonvallaria majalis alba (Lily of the valley). 

80. Richardla aethiopica (Arum Idly). 

81. Asphodelus sp. 

82. Yucca gloriosa Linn. 
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XVII. AMARYLLIDACEiE. 

83. Grinum asiaticum Linn., F.BJ., VI, p. 280. 

Syn .:—Crinum toxicarium Roxb., FI. Ind.^ p. 285. 

Vem. Names: Chiridar, Kanwal (Hind.); Nag^davana 
(Mar.); Bodakanod (Beng.); Kesar-chktu, Lakahminarayan 
chettu (Tel.). 

Habited : Cultivated in gardens. 

Uses : The fresh root is officinal in the Indian Pharma¬ 
copoeia. 

84. Agave americana Linn., F.B.I., VI, p. 277. 

(The American Aloe.) 

Vem. Names : Rakas patta, hans-keora (Hind.); Chaga- 
moMa, Changa-nara, etc. (Tel.). 

Habitat : Originally a native of America, naturalized in 
many parts of India, and in Hyderabad it is planted as a hedge 
in fields, gardens, and along railway lines and village roads, 
etc. 

Uses : A strong fibre is obtained from the leaves, useful in 
rope and mat-making. Medicinal. 

85. Agave cantala Roxb., FI. Ind., II, p. 167. 

Habitat : Commonly planted as a hedge. 

86. Polianthus tuberosa Linn., C.F.P.B., II, Pt. IV, p. 753. 

(Tuberose Lily.) 

Habitat : A garden favourite. 

The following are less commonly cultivated, but are to be 
found in the Botanic Garden, Osmania University:— 

87. Alstroemeria sp. 

88. Hippeastrum sp. 

XVIII. DIOSCOREACE^. 

89. Dloscorea pentaphylla Linn., F.B.I., VI, p. 289. 

Vem. Names : Manda (Mar.); Pandigada (Tel.). 

Habited: Very common in the ‘ Mulug * forests in the 
Warang^l District from where the specimens were collected. 

Uses : Medicinal. 
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90. Dioscorea opposltlfolla Linn., VI, p. 292. 

Vem. Name : Avatenga4ige (Tel.). 

Habitat : Like the preceding species very common in the 
* Mulug ’ forests. 

Uses : Medicinal. 

91. Dioscorea bulbifera Linn., F.BJ., VI, p. 296. 

Fern. Names ; Zamin khand (Hind.); Chedu paddu dumpa 
(Tel.). 

Habitat : I have not seen it wild in the environs of 
Hyderabad, but it is said to be found towards Daulatabad, and 
in Kareemnagar District, 

Uses : The flower spikes are cooked and eaten. 

XIX. IRIDACEiE. 

The following are grown in gardens :— 

92. Iris sp. 

93. Anomatheca sp. 

94. Antholyza sp. 

95. Freesia sp. 

96. Gladiolus sp. 

97. Crocus sativus Linn., F,BJ., VI, p. 276. 

Vem. Names : Zafran, kesar (Hind.); Knnkum (Tel.). 

Habitat : Native of South Europe. Cultivated in Kashmir. 
Several experiments were made in Hyderabad on a small scale, 
and some of them have been quite successful. Experiments on a 
bigger scale are yet to be carried out to see its prospect from 
the commercial point of view. 

Uses : Too well known as a favourite in colouring and 
imparting flavour to Indian sweets and some curries. Mullahs 
(priests) make a kind of ink to write charms with. Medicinal. 

XX. MUSACEiE. 

98. Musa sapientum Linn. (The Banana plant.) 

Vem. Names : Kela, Mom (Hind.); Mouz, Kel (Mar.); 
Arthipundoo (Tel.). 
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Habitat : Indigenous in Behar and the Eastern Himalayas, 
but cultivated here as in other parts of India for its fruit. 

Uses : Apart from its economic use it is medicinal. 

99. Ravenala madagascariensis Son., F.B.I., VI, p. 198. 

(The Traveller’s tree.) 

Habitat : Rarely planted in gardens (e.g. in Public gardens 
and in the Botanic Garden, Osmania University, and probably 
elsewhere also). 

The following are also grown in gardens :— 

100. Musa chinensis Sweet., C.F.P.B., II, Pt. IV, 

p. 742. 

101. Musa ensette J. F. Gmel., C.F.P.B., II, Pt. IV, 

1). 721. 

102. Strelitzia reginse Spr. syst. 1, p. 833. 


XXT. ZTNG1BERACE.E. 

103. Curcuma longa Linn., F,B.L, VI, p. 214. 

(The Turmeric* plant.) 

Vem, Names : Haldi (Hind.): Paspu (Tel.) ; AJad (Mar.), 

Habitat : Commonly cultivated for its tubers. 

Uses : The powder of dry bright yellow tubers is used in all 
our curries. Medicinal, 

104. Zingiber officinale Zosc., F.R./., VI, p. 246. 

(The Ginger plant.) 

Vern. Names : Zangabil (Arabic); Adrak (Hind.); Sunti 
(Tel.) ; Ada (Mar.). 

Habited : Commonly cultivated for its aromatic root- 
stock. 

Uses : The aromatic fresh root-stock is pounded and used 
as a condiment in our curries. It is cut in slices and preserved 
in honey, and is supposed to be efficacious in excess of bile. 
Too well known in British and Indian Pharmacopoeias to be 
detailed further. * 

106. Gostus speciosus Smith., F.BJ., VI, p. 249. 

Vem, Name : Kio (Mar.). 

Habitat : A common herb. 
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XXII. CANNACEiE. 

106. Ganna indica Linn., VI, p. 260. 

(Indian Shot.) 

Vem. Name : Sarvajaya (Sans.); Kardali (Mar.). 

Habitat : Not wild, but is very commonly grown in gardens 
as an ornamental plant. 

Uses : Medicinal, 


XXIII. ORCHIDACE^. 

The following are cultivated in gardens :— 

107. Cyprepedium sp. 

108. Dendrobium sp. 

109. Habenaria sp. 

110. Vanda sp. 

111. Peristeria sp. 

Although many wild epiphytic orchids have been seen and 
some of them collected, their identification is postponed till the 
actual flowers are seen. 
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•-Index to the VEBNAOtJLAR and English Names. 


A 

Ada (Mar.), 89. 

Adrak {Hind,)^ 89. 

Advi eeta {Tel.)t 81. 

Alad {Mar,)t 89. 
American Aloe, 87. 
Ananncui {Hind.), 83. 
Arthi pundoo {Tel.), 88. 
Arugam-piUa {Tam.), 78. 
Arum Lily, 86. 

Arvi {Hind.), 83. 
Avaienga-tige {Tel.), 88. 

B 

Bachnag {Hind.), 85. 
Bajra {Hind.), 75. 

Bajra Millet, 75. 

Ban {Hind.), 76. 

Banana plant, 85. 
Ban-Khajur {Hind.), 80. 
Bans {Hind.), 79. 
Bana-keora {Hind.), 87. 
Bed {Hind.), 82. 

Berli {Mar.), 80. 

Bet {Hind.), 82. 

Betam {Tel.), 82. 
Betel-nut palm, 81. 
Bhui'knnda {Hind.), 86. 
Biaha {Beng.), 85. 
Bodakanod {Beng.), 87. 
Bongu {Tel.), 79. 

Broom grass, 78. 


C 

Chaga-matta {Hind.), 87. 
Chama-gndda {Tel.), 83. 
Chama-kura {Tel.), 83. 
Chamkure-ka-gadda {Hind.), 83. 
Changa-nara {Tel.), 87. 

Chaval {Hind.), 78. 
€hedu‘paddu-dumpa {Tel.), 88. 
Chindar {Hind.), 87. 

Chuneria {Hind.), 77. 

Cocoa-nut palm, 82. 

D 

Dhan {Hind.), 78. 

Dry Lily, 86. 

Ihiba {Hind.), 78. 

Duck-weed, 83. 


Durva {Mar.), 78. 
Dwarf Date-palm, 81. 


G 

Garlic, 86. 

Oehoon {Hind.), 79. 
Oolagandi {Tel.), 84. 
Ounna {Hind.), 76. 
Outi {Mar.), 8.5. 
OiUwel {Mar.), 85. 


H 

HaUi {Hind.), 89. 

Hariali {Hind, and Tam.), 78, 79. 
Hargali {TeL), 78- 
Haryel {Mar.), 78. 


I 

Indian Shot, 90. 

J 

Jadoo-ka-ghaa {Hind.), 78. 
Janyli Khajur {Him ), 81. 
Jangli-piaz {Hind.), 85. 
Jangli-auran {Hind.), 82. 

Jangli-ushhali {Hind.), 85. 
Jal-kumhhi {Hind.), 82. 
Jawar {Hind.), 75. 

.Job’s tears, 77. 

Jonna {Tel.), 77. 

Jotvar {Hind.), 77. 

Jowari {Hind.), 77. 

Juar Millet, 77. 

K 

Kand {Hind.), 85, 86. 

Kande {Beng.), 85. 

Kali-ghaa {Hind.), 78. 
Kamuri-kal {Tel.), 85. 

Kanka {Hind.), 79. 

Kardali {Mar.), 90. 
Karti-kai-kiahangu {Tel.), 85. 
Kel {Mar.), 88. 

Kela {Hind.), 88. 

Keaar {Hind.), 88. 
Kesar-ckaUu {Tel,), 87. 

Keura {Hind.), 74. 

Khajur {Hind.), 81. 

Khaa {Hind.), 77. 
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Kio {Mar.), 89. 
Konda-tamara {Tel.), 85. 
Kunda {Mar.). 76. 
Kunda-gudda {Tel.), 82. 
Kunda-gurvatiga {Tel.), 85. 
Kunkum {Tel.), 88. 


L 

Lahaun {Hind.), 86. 
Lakahminarayan chettu {Tel.), 87. 
Laasiiyi {Hind.), 86. 

Leta {Tel.), 81. 

Lily of the Valley, 86. 

M 

Maize, 79. 

Mdkni {Hind.), 79. 
Makaidca-hhvMa {Hind.), 79. 
Makra {Hind.), 78. 

Malait-tamara {Tam.), 85. 

Male Bamboo, 79. 

Manda {Mar.), 87, 

Mandgai {Mar.), 79. 

Mari {Tel.), 80. 

Mogilli {Tel.), 74. 

Mouz {Hind, and Arabic), 88. 
Mukka {Hind.), 79. 

Munjal {Hind.), 80. 
Muttengapilloo {Teh), 78. 


N 

Nag-davana {Mar.), 87. 
Naga-mutha {Teh), 79. 
Nai-ahakar {Hind.), 76. 
Nakka-'indli-gaddn {Teh), 85 
Naricl {Hind.), 82. 
Naf-ka-bachnag {Hind.), 85. 

O 

Onion, 86. 

P 

Pahnyra tree, 80. 

Pan {Hind.), 81. 

Pandigadon {Teh), 87. 
Paapu {Tel.), 89. 

Penti-t^i {Teh), 80. 

Piaz {Hind.), 86. 

Pine Apple, 83. 

Poka {Tel.), 81. 

Potu-tadi {Teh), 80. 

Pung {Mar.), 81. 

R 

Ragi Millet, 78. 

Rakaa poUa (Hind.), 87. 


Rallah (Hind.), 76. 
Ranadha-kanda (Mar.), 85. 
Rauaa (Hind.), 77. 

Rowaa (Hind.), 77. 
Ruea-oil-grass, 77. 

Rico plant, 78. 

S 

Safed-muali (Hind.), 85. 
Sandolu (Hind.), 81. 

Sarvajaya (Sana.), 90. 

Screw Pine, 74. 

Sendhi (Hind.), 81. 

Sepru-gaddi (Teh), 78. 

Shakaicul (Hind.), 85. 

Shatavali (Mar.), 85. 
Shima-ahatu-vaH (Tel.), 85. 
Shindi (Mar.), 81. 
Shirunari-vengayam (Tam.), 86. 
Sitapu (Tel.), 86. 

Spiny Bamboo, 79. 

Sunti (Teh), 89. 

Supari (Hind.), 81. 

Supiari (Hind.), 81. 

Suran (Mar.), 82. 


T 

Tad (Hind.), 80. 

Tar (Hind.), 80. 
Tar-mardi (Teh), HO. 
Tenkai-kohbari (Teh), 82. 
Traveller’s Tree, 89. 
Tuberose Lily, 87. 

Tunga (Hind.), 74. 
Turmeric plant, 89. 


V 

Vella-vengazam (Tam.), 86. 
VeUuli-taXla’gadda (Teh), 86. 
Vulli-gaddalu (Teh), 86. 


W 

Water Hyacinth, 84. 
Water-Lettuce, 82. 
Wild Date-palm, 81. 
Worgloo (Teh), 76. 


Y 

Yedi (Mar.), 76. 

Yedru (Tel.), 79. 

Z 

Zafran (Hind,), 88. 
Zamin-khand (Peraian), 82. 
Zangabil (Arabic), 89. 



1936] COMMON FLOWERING PLANTS OF HYDERABAD STATE 93 
Index to the Scientific Names. 


A 

Agapanthus umbellatus, 86. 

Agavo americana, 87. 

Agave cantala, 87. 

Aglaonoma sp., 83. 

AlismacesB (Alisraatacoffi), 76. 
Allium cepa, 86. 

Allium sativum, 86. 

Alocasia sp., 83. 

Alstroemoria sp., 87. 
Amary11idaoea3, 87. 
Amorphophalus campanulatus, 82. 
Auclropogon contort us, 76. 
Andropogon irosaciisa, 77. 
Andropogon sohoonaiithus, 77. 
Andropogon sorghum, 75, 77. 
Andropogon squarrosus, 77. 
Anomathoca sp., 88. 

Aiithistiria ciliata, 77. 

Antholyza sp., 88. 

Anthuriurn sp., 83. 
Aponogetonaceop, 75. 

Aponogeton monostachyon, 75. 
Araeeje, 82. 

Areca catoohu, 81. 

Aristida rodacta, 78. 

Aristida setacea, 78. 

Arum carnpanulutum, 82. 

Arum rolocasia, 83. 

Asparagus nanus, 85. 

Asparagus plumosiis, 85. 
Asparagus racemosus, 85. 
Asphotiolus sp., 86. 

Bambusa arundinaooa, 79. 
Bambusa stricta, 79. 

Borassus flabollifer, 80. 

Borassus flabellifonnis, 80. 
Bromoliaceap, 83. 

C 

Caladium bicolor, 83. 

Calamus rotang, 82. 

Caimacete, 73. 

Canna indica, 90. 

Caryota urons, 80. 

Cocos nucifera, 82. 

Coix lai'hryma, 77. 

Colocasia antiquorura, 83. 
Commelina benghalonsis, 84. 
Commelina paleata, 84. 
Commelina subulata, 84. 
Convallaria majalis alba, 86. 
Costus speciosus, 89. 


Crinum asiaticum, 87. 
Crinum toxicarium, 87. 
Crocus sativus, 88. 

Curcuma longa, 89. 

Cyanotis axillaris, 84. 
Cyanotis tuberosa, 84. 
Cynodon daetylon, 78, 79. 
Cyporace®, 79. 

Cypenis rotundus, 79. 
Cyporus scariosus, 80. 
Cyprepediura, 90. 

D 

Dendrobium, 90. 
Dendrocalamus strictus, 79. 
Dioscoroace®, 87. 

Dioscoroa bulbifora, 88. 
Dioscorea oppositifolia, 88. 
Dioscorea pentaphylla, 87. 
Dracrena, 86. 

E 

Eichhomia crassipos, 84. 
Eichhomia speciosa, 84. 
Eleusino coracana, 78. 
Elousino ®gy])tiaca, 78. 
Elodca canadensis, 75. 
Eriocaiilaco®, 83. 

Eriocaulon sicboldii- lum, 83. 

F 

Ficus bongalensis, 80. 
Freesia sp., 88. 

Frittilaria sp., 86. 

G 

Gladiolus sp., 88. 

Gloriosa superba, 85. 
Gramine®, 76. 

H 

Habenaria, 90. 

Hemerocallis, 86. 

Hippoastrum, 87. 

Hydrilla verticellata, 75. 
Hydrocharitace®, 75. 

I 

Imporata arundinacea, 76. 
Iris, 88. 

I8ch®mum pilosum, 76. 
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L 

Lemna polyrhiza, 83. 

Liliaoesa, 85. 

Livistonia ohinenBis, 82. 
Livistonia sinensis, 82. 

M 

Marantaoese, 73. 

Monoohoria vaginalis, 84. 
MusacesB, 73. 

Musa chinensis, 89. 

Musa onsette, 89. 

Musa sapientum, 88. 

O 

Oiyza sativa, 78. 

Ottelia alismoides, 75. 

P 

PcJmas, 80. 

Pandanacea3, 74. 

Pandanus odoratissimus, 74. 
Panicum italicum, 76. 

Panioum mib'aoeuTn, 76. 
Paspalum scorbiculatum, 76. 
Pennisetuni typhoideuni, 75. 
Peristeria, 90. 

Phoenix acaulis, 81. 

Phoenix daotylifera, 81. 
Phoenix humilis. 81. 

Phoenix sylvestris. 81. 

Pistia stratioites, 82. 

Polianthus tuberosa, 87. 
PontederiacesB, 84. 

Pontederia vaginalis, 84. 
Potamogetonacese, 75. 
Potamogeton indious, 75. 

R 

Ravenala madagcutcariensis, 89. 
Richardia sethiopica, 86. 


S 

S€MK)harum oylindrioum, 76. 
Saoohanim officinarum, 76. 
Sctgittaria sagittifolia, 76. 
Soilla indioa, 86. 

Soiipus articulatus, 80. 
Smilax mekcrophylla, 85. 
Smilax proUfera, 85. 
Strelitzia reginss, 89. 


T 

Tradesoantia axillaris, 84. 
Tradescantia tuberosa, 84. 
Tradesoantia ssebrina, 84. 
Triticum vulgare, 79. 
Typhaoeas, 74. 

Typha angustifolia, 74. 
Typha elephantina, 74. 


U 

Urginea indica, 85. 


V 

Vallisneria spiralis, 75. 
Vanda sp., 90. 


W 

Wolffia michollii, 83. 


Y 

Yucca gloriosa, 86. 


Z 

Zea mays, 79. 
Zingiber officinale, 89. 
ZingiberaoesD, 73, 89. 
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Further contribution to the study of the Blood Parasites 
of the Indian Birds, together with a list of the 
Hemoparasites hitherto recorded. 

By 1. Fboilano de Mello. 

Introduotjon. 

The first records on the blood imrasiU's of the Indian birds 
are due to Sir Ronald Ross. From his Memoirs ’ we find that he 
examined the blood of pigeons, doves, paroquets, wild pigeons, 
finches, sparrows (Passer indica), crows (Corvus splendens), 
larks (CalandretUt dukhunensis) and many of them were infected 
by protozoa belonging to the genus Hannoproteus. Every one is 
aware of Sir Ronald’s work on the plasmodids of 8j)arrows and 
the help that such studies gave for our present knowledge of 
human malaria. 

The book of Wenyon gives a complete list of the hacmo- 
protozoa of the Indian birds ^ : one can see there how small 
is the number of researchers who have dealt with these forms: 
Stephens and Christophers, Acton and Knowles,^ Adie,^ Plimmer® 
and H. H. Scott, the last two authors carried out their 
researches on birds which had died in the Zoology* al Gardens 
of London. 

In the list given below (apud Wenj^on) the parasites found 
by Dr. Scott are marked with the letters Z.S., just as in Wenyon 
where they are recorded and from where these notes are taken. 

1. Plasmodids recjorded in Indian Birds, 

1. Aidetnosyne malaharica, PI. precox, Z.S., 192.5. 

2. Antigone virgo. Pkwwodium (unnamed) Z.S.,'1925. 

3. Chloropsis aurifrons, PL precox, Z.S., 1925. 

4. Corvus splendens. Plasmodium (unnamed) Donovan 

(1908 ?). 

5. Emberiza fucata, Plasmodium (unnamed) Plimmer, 

1913. 

6. Euhbes religiosa (Oracula religiosa), Plasmodium (-un¬ 
named) Plimmer, 1912 ; Z.S., 1925. • 

7. Oarrulnx leucolophus. (unnamed) Plimmer, 

1912. 

8. Liothfix luteus. Plasmodium (unnamed) Z.S., 1925. 

9. Melophus melanicterus, Plasynodium (unnamed) 

Plimmer, 1913. 
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10. Merula bulbul, Plasmodium (unnamed) Plimmer, 1915. 

11. Prafincola caprafa. Plasmodium (unnamed) Plimmer, 
1916. 

12. Pycnonotus jocoms (Otocompsa emeria), Plasmodium 
(unnamed) Plimmer, 1912. 

13. Sturnus mmzbifri, PL precox, Z,S., 1^25, 

14. Tragopan satyra. PL precox, Z.S., 1925. 

Remarks. —We see that whilst Plimmer only recorded 
the existence of a Plasmodium in birds, Dr. Scott (who was 
assisted by Dr. Wenyon) has classified as PI, precox all the plas- 
modids found in his ornithological specimens. Studying the 
Plasmodium of Chloropsis aurifrons davidsoni,^ 1 stated the 
reason why J do not agree with the classification of Dr. Scott : 
my PI. cldoropsidis wliich T believe to be the same as the PL 
precox registered by Z.S. as parasite of Chloropsis aurifrons, 
although having a general resemblance with P. precox Grassi and 
Feletti 1890, as far as it concerns the appearance of the rosettes 
and their irregular number of merozoites, possesses enough^ 
(liffercntidl characters for maintaining its autonomy, remarkably 
by th(' compact structure of the chromatin in the nucleus of the 
merozoites, so totally different from the chromatinic ring which 
constitutes the nucleus of the real precox merozoites, which so 
often come under our observations. 

The classification of bird plasmodids, the so-called Proieosoma, 
has followed many curious Stapes : after the first period, when the 
species was described as autonomous according to the harl)ouring 
host, there was a tendency for grouping all })ird proteosoma in 
one single species. PI. precox. The fact that one single strain 
of avian plasmodia can infect many species of birds gives a certain 
support for such classification (strains of sparrow plasmodids 
inoculated with success in canaries, larks, goldfinches). 

Shortly after, it was recognized that sparrows themselves are 
parasitized by more than one species of plasmodids. Hartmann ^ 
differentiated on morpliological grounds three parasites of 
sparrow malaria, Russel ® a fourth one. In this connection 
it is interesting to refer to a recent paj)er by Giovannola® 
who tries to classify the bird plasmodids in some groups, based 
on the follow^ing morphological characters : {a) the alteration of 
the infected cell ; (h) the form of the schizont ; (r) the form of 
the garnetocyte ; (d) the character of the pigment in the gameto- 
eyte, and (c) the number of the merozoites. 

Relying on these characters the author reduces all bird 
plasmodids studied up-to-date to three groups with some sub¬ 
divisions, viz. :— 

1^/ group : Spheroidal gametocytes, nucleus of the para¬ 
sitized red cell displaced by gametocytes and adult schizonts : I— 
PL precox Grassi and Feletti 1890, syn. PL relictum Grassi and 
Feletti 1891, PL inconsfans Hartman 1927 with granular pigment 
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parasite of Passer domesticus studied by Orassi and Feletti, P, his- 
paniohnsis (Grassi and Feletti), Alauda arvensis (Grassi and 
Feletti), Fringilla havarahiwa minor (Katahira), idem (Kikut) 
Turtur orientalis (Ogawa) ; IT— PI. cathemt^rium Hartmann 
1927 with rod-shaped pigment in the garnetocytes, parasite of 
Passer domesticns (Hartmann). 

To the same group belong— 

PI. capistmni Russel 1932 parasite of Ejrral factoria ineata, 
immunologicall}'^ different from PI. precox and PL cathemerinm, 
distinguishable only by having the pigment more abundant and 
constituted by large granules eolleeied in one coniform extremity. 

PL wasielewsky Bnimpt 1909 parasite of Athene nortna, 
immunologically different from PI. precox and having a smaller 
number of merozoite-^ (10-12). 

2nd group : Elongatc<l gamt'tocytes, nneleiis of the para¬ 
sitized red cell displaced by schizogon\ and slight 1\ by gameto- 
cytes— PI elongaturn Huff 1930 parasite of Passer donusticus 
(Huff), and Cartluelis cardnelis (Raffsele). 

3rd group : Elongated garnetocytes, nucleus of tlu^ para¬ 
sitized red cell never displaced. This may be dividcMl into two 
subgroups : 1—Sub-group with schizonts small and quadrangular. 
PL rouxi Sergent and Gatanei 1928 parasite of Passfr domesticus 
with a definite number of 4 merozoites : PI. tenuf Laveran and 
Marullaz 1914 parasite of Lioihrix luteus (Lav. and Mar.), 7'urdus 
merula (Giovannola) : II—Sub-group w^herc the adult schizonts 
circumscribe the nucleus of the parasitized red r* 9 ; P. circim- 
fifxum Kikut 1931 parasite of Titrdus pilaris (K), Tnrdus iliacus 
(Giovannola); Pi. fallax Schwetz 1930 ])arasite of Syrnium 
nuchnle (Sch.). 

Such a classification absolutely pr(‘mature, if destined to 
group OTi these lines all the bird ydasmodids, is however a remark¬ 
able step as far as it concerns the non-identification of the bird 
plasmodids to PL precox as had been done before. The most 
we can accept is that some morphological types may be d(*scribed 
in this way, but we are rather sceptical of such groupings as 
they do not correspond to the different modalities shown by the 
different species found in birds. 

For example Plasmodium centropi parasite of (^entropu^ s. 
parrotti Stresemann which we have described in a paper yet 
unpublished ])resented to the Xll International Congress of 
Zoology held at Lisbon has : garnetocytes spheroidal (1st group) 
and cresc^ent shaped (2nd and 3rd group) ; nucleus alw^ays dis- 
plawd (Ist and 2nd group) : pigment' granular (tv])e precox) 
and rod-shapc‘d (type cafhemeriiim). If w^e add to these cnarac- 
ters, the falciform ap]>earance of the garnetocytes and the 
irregular appearances of the pigment, we could feel ourselves 
inclined to create di fourth group in addition to those created by 
Giovannola. In reality we think that, non-obstant more than 
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L 

Lemna polyrhiza, 83. 

Liliaoesa, 86. 

Livistonia ohinensis, 82. 
Livistonia sinensis, 82. 

M 

Marantaoeas, 73. 

Monoohoria vaginalis, 84. 
Musaoeas, 73. 

Musa chinensis, 89. 

Musa ensette, 89. 

Musa sapientum, 88. 

O 

Oryza sativa, 78. 

Ottelia alismoides, 75. 

P 

Palmas, 80. 

Pandanaoeae, 74. 

Pandanus odoratissimus, 74. 
Panicum italicum, 76. 

Panicum miliaoeum, 76. 
Paspalum scorbiculatum, 76. 
Pennisetum typhoideum, 75. 
Peristeria, 90. 

Phoenix aeaulis, 81. 

Phoenix daotylifera, 81. 
Phoenix humilis, 81. 

Phoenix sylvestria, 81. 

Pistia stratioites. 82. 

Polianthus tuberosa, 87. 
Pontederiaceas, 84. 

Pontederia vaginalis, 84. 
Poteunogetonaoeae, 76. 
Potamogeton indicus, 76. 

R 

RavenaJa madagasoariensis, 89. 
Richardia asthiopica, 86. 


S 

ScKscharum oylindrioum, 76. 
Saooharuzn olBoinarum, 70. 
Sagittaria sagittifolia, 76. 
Soilla indioa, 86. 

Soirous artioulatus, 80. 
Smiiax maorophylla, 86. 
Smilax prolifera, 86. 
Strelitzia leginas, 89. 


T 

Tradescantia axillaris, 84. 
Tradeeoantia tuberosa, 84. 
Tradescantia zebrina, 84. 
Triticum vulgare, 79. 
T3rphaoe8S, 74. 

Typha angustifolia, 74. 
T^ha elephantina, 74. 


U 

Uiginea indica, 86. 


V 

VaUisneria spiralis, 76. 
Vanda sp., 90. 


W 

Wolffia michellii, 83. 


Y 

Yucca gloriosa, 86. 


Z 

Zea mays, 79. 
Zingiber officinale, 89. 
Zingiberaoeae, 73, 89. 



Journal Royal Aeiatic Sociefjy of Bengal: Science, 

Volume II, 1936. 
Articlk No. 3. 

Further contribution to the study of the Blood Parasites 

of the Indian Birds, together with a list of the 
Hemoparasites hitherto recorded. 

By I. Froilano de Mello. 

Introduction. 

The first records on the blood parasite's of the Indian birds 
are due to Sir Ronald Ross. From his Memoirs ^ we find that he 
examined the blood of pigeons, doves, paroquets, wild pigeons, 
finches, sparrows (Passer indica), crows (Corvus sphr^ens), 
larks (Calandretta dukhunensis) and many of them were infee-ted 
by protozoa belonging to the genus Hiemoproieus. Every one is 
aware of Sir Ronald’s work on the plasmodids of sparrows and 
the help that such studies gave for our present knowledge of 
human malaria. 

The book of Wenyon gives a complete list of the hfemo- 
protozoa of the Indian birds ^ : one can see there how small 
is the number of researchers who have dealt with these forms: 
Stephens and Christophers, Acton and Knowles,^ Adie,** Plimmer^ 
and H. H. Scott, the last two authors carried out their 
researches on birds which had died in the Zoologi^ al Gardens 
of London. 

In the list given below (apvd Wenyon) the parasites found 
by Dr. 8cott are marked with the letters Z.S., just as in Wenyon 
where they are recorded and from where these notes are taken. 

I. Plasmodids recorded in Indian Birds. 

1. Aidemosyne malaharica, PL precox, Z.S., 192.’>. 

2. Antigone virgo, PkwwiodfMm (unnamed) Z.S.,'1925. 

3. Chloropsis aurifrons. PL precox, Z.S., 1925. 

4. Corvus splendens, Plasmodium (unnamed) Donovan 
(1908 ?). 

5. Emheriza fucata, Plasmodium (unnamed) Plimmer, 

1913. 

6. Evlabes religiosa (Oracula religiosa), Plasmodium (un¬ 
named) Plimmer, 1912 ; Z.8., 1925. * 

7. Oarrulax leucolophus, (unnamed) Plimmer, 

1912. 

8. Liolhrix luteus, Plasmodium (iinnam^) Z.S., 1925. 

9. Melophus melanicterus, Plasmodium (unnamed) 
Plimmer, 1913. 
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10. Merula bulbul. Plasmodium (unnamed) Plimmer, 1915. 

11. Prafincola cajtrata. Plasmodium (unnamed) Plimmer, 
1916. 

12. Pycnonofus jocosus {Ofocontpsa emeria). Plasmodium 
(unnamed) Plimmer, 1912. 

13. Sfurnvs menzbieri. PI. precox, Z.S., 1925. 

14. Tragopan satyra. PI. precox, Z.S., 1925. 

Remarks. —We see that whilst Plimmer only recorded 
the existence of a Plasmodium in birds, Dr. 8eott (who was 
assisted by Dr. Wenyon) has classified as PI. precox all the plas- 
modids found in his ornithological specimens. Studying the 
Plasmodium of Chloropsis aurifrons davidsoni,^ I stated the 
reason wljy I do not agree with the classification of Dr. S(*ott : 
my PI. chloropsidis which I believe to be the same as the PI. 
precox registered by Z.S. as parasite of Chloropsis aurifrons, 
although having a general resemblance with P. precox Orassi and 
Feletti 1S90, as far as it concerns the appearance of the rosettes 
and their irregular number of merozoites, possesses enough^ 
differential charactt‘rs for maintaining its autonomy, remarkably 
by the compact structure of the chromatin in the nucleus of the 
merozoites. so totally different from the chromatinic ring which 
constitutes the nucleus of the real precox merozoites, which so 
often come under our observations. 

Tlie classification of bird plasmodids, tlu‘ so-called Proteosoma, 
has followed many curious Hopes : after the first j)eriod, when the 
species was described as autonomous according to the harbouring 
host, there was a tendency for grouping all bird proteosomn in 
one single species, PL precox. The fact that one single strain 
of avian ])lasmodiH can infect many species of birds gives a certain 
supi)ort for such ( lassification (strains of sparrow })lasmodids 
inoculated with success in canaries, larks, goldfinches). 

Shortly after, it was recognized that sparrows themselvc's are 
parasitized by more than one species of plasmodids. Hartmann ^ 
differentiated on morphological grounds three parasites of 
sparrow malaria, Russel ® a fourth one. In this connection 
it is interesting to refer to a recent paper by Giovannola ^ 
who tries to classify the bird plasmodhls in some groups, based 
on the following morphological characters : (u) the alteration of 
the infected cell ; (/>) the form of the schizont ; (r) the form of 
the gametocyte ; (d) the character of the pigment in the gameto- 
cyte, and (c) the number of the merozoites. 

Relying on these characters the author reduces all bird 
plasmodids studied up-to-date to three groups with some sub¬ 
divisions, VIZ. ; — 

\8l group : Spheroidal gametocytes, nucleus of the para¬ 
sitized red cell displaced by gametocytes and adult schizonts : I— 
PI. precox Orassi and Feletti 1890, syn. PL relict urn Grassi and 
Feletti 1891, PL inconstans Hartman 1927 with granular pigment 
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parasite of Passer domeMicus studied by Grassi and Feletti, P. his- 
paniolensis (Grassi and Feletti), Alauda arvensis (Grassi and 
Feletti), Fringilla havarahiwa mivor (Katahira), idem (Kikut) 
Turtur orientalis (Ogawa) ; II—PZ. cafhemerium Hartmann 
1927 with rod-shaped pigment in the gametocytes, parasite of 
Passer domesticus (Hartmann). 

To the same group belong— 

PL capistrani Russtd 1932 parasite ot' ExcMlfacforia ineata, 
imniunologically different from PL precox and P). cafhemerium, 
distinguishable only by having the pigment more abundant and 
constituted by large granules collected in one coniform extremity. 

PL imsielewsky Brumpt 1909 parasite of Athene nocfna, 
iminunologieally different from PL precox and hjwing a smaller 
number of rnerozoitCM (10-12). 

2nd group : Elongated gametocytes. niuleus of the para¬ 
sitized red (*ell displaced by schiz(»gony and slightly by gameto¬ 
cytes— PI elongaium Huff 1930 ])arasite of Pass( r domesticus 
(Huff), and Carduelis carduelis (Kaftkde). 

3rd group : Elongated gametocytes, nucleus of the para¬ 
sitized red cell never displaced. This may be divided into two 
subgroups : I—Sub-group mth schizonts small and (juadrangular. 
PL rouxi Sergent and Gatanei 1928 parasite of Passtr domesticus 
with a definite number of 4 merozoites ; PL temu Laveran and 
Marullaz 1914 parasite of Liothrix Juteus (Lav. ami Mar.), Turdus 
meruJa (Giovannola) : II—Sub-group where the adult schizonts 
circumscribe the nucleus of tlu' parasitized red cr'^ : P. circum- 
Jtcxnm Kikut 1931 parasite of Turdus pilaris (K), Turdus diacus 
(Giovannola) : Pi. faltax Schwetz 1930 parasite of Syrnium 
nuchalv (Sch.). 

Such a classification absolutely premature, if destined to 
grouf)on these lines all the bird y)lHsmodids, is however a remark¬ 
able step as far as it concerns the non-identification of the bird 
ydasmodids to PL precox as had been done before. The most 
we can accept is that some morphological types may be described 
in this way, but we are rather sceptical of such groupings as 
they do not correspond to the different iiKKlalities shown by the 
different species found in birds. 

For example Plasmodium cenfropi parasite of Centropus s. 
parrotti Stresernann which we have described in a papt'r yet 
unpublished presented to the XII International Congress of 
Zoology held at Lisbon has : gametocytes spheroidal (1st group) 
and crescent shaped (2nd and 3rd group) ; nucleus always dis¬ 
placed (Ist and 2nd group) : pigment* granidar (type precox) 
and rod-8hape<l (type cathemerium). If we add to the.se charac- 
ters, the falciform appearance of the gametocytes and the 
irregular appearances of the pigment, we could fee) ourselves 
inclined to create a fourth group in addition to those created by 
Giovannola. In reality we think that, non-obstant more than 
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one bird being susceptible to the infection by a given plasmodid, 
as can only be confirmed by inoculations and cross immunity, 
every bird has generally its own plasmodium and sometimes 
more than one, just as it happens with man and other mammifera. 

He ♦ Ik 

To the note of the plasmodids of the Indian birds quoted 
above, we will add now those found in our own studies :— 

1.5. Herodias intermedias Wagler.® Plasmodium herodiadis, 
mihiy 1935. 

16. Gallinula chloropus L.® Plasmodium gallintUce, mihiy 
1935. 

17. Chloropsis aurifrons dntndsoni Baker.® Plasmodium 
chloropsidis (Scott, 1925), mihi, 1935. 

18. Gentropus s. parrotti Stresemann. Plasmodium 
centropi sp. nov. mihi, 

II. HiEMOPROTEIDS RECORDED IN INDIAN BiRDS. ♦ 

Ver 3 ^ short remarks will be made here concerning the 
hsemoproteids. Every one knows that the schizogonic cycle of 
Haemoproteus is described according to the researches of Aragfto 
in Haemoproteus columhce Celli and S. Felice : an intracellular 
stage in a monocyte or endothelial cell giving rise to numerous 
infective small merozoites, specially found in internal organs. 
Studying Haemoproteus raymundi parasite of Leptocoma zeyhnica 
L., we have been unable to find any intracellular stage in the 
sections of the lungs and other organs. What we have found is 
a much more simple process of multiplication, consisting in the 
appearance of many free parasites, roundish or oval, uni- or 
multinucleated (we have been able to count up to 11 chromatic 
masses) which we interpret as free trophozoites giving by nuclear 
division, true rosettes resulting in merozoites or schizonts. 
These merozoites remain free among the red corpuscles in the 
interstitial spaces of the cellular trama, but never in the pro¬ 
toplasm of an endothelial cell or of a white mononuclear leuco¬ 
cyte. Sections of the spleen have also shown schizonts in the 
red corpuscles and free merozoites among them.'^»^® 

The second point deserving attention is that concerning 
the so-called parthenogenetic division of the female gametocyte. 
fteally, we sometimes find these gamonts showing two nuclear 
masses interpreted by some authors as the initial stage of further 
division. Prof. Brumpt does not accept this view and 
explains such figures as a result of a mere fusing up, or an accole- 
ment of two parasites. In the course of our studies, sometimes, 
and specially in Haemoproteus stumi^^ parasite of Sturnus 
malaharica Gemelin we have come across such accolements, 
where two male gametocytes and two female gametoc 3 de 8 had 
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their protoplasms fused together. Tn Hcemoproteus ghmcidii 
parasite ot Olaucidium radiatum Tiokell we have even seen onee 
one male and one female gametoeyte fused together. But on the 
interpretation of such phenomena we prefer to keep a prudent 
reserve, stating for the present, that if there are evident cases 
where this accolement can be recognized, there are others where 
one single female gametoeyte has been seen to possess two nuclei. 
Indeed we have not seen any figures of a further division sug¬ 
gesting an evident schizogony. 

The last point requiring further investigation (oneerns the 
division of the female ganionts that have become free in the 
plasm, into two round parts • one containing the nucleus and the 
other devoid of any nuclear part. This lias been frequently 
seen in H. mvruovy parasite of CopHychus savlaris and lately in 
H. laymundi. Perhaps such phenomenon is related to some 
kind of sexual maturation, dividing the gamont into a true 
gamete (the nu(‘lear cell) and an afertile element devoid of 
chromatin and containing only pigment. 

List of Indian Hcemoproteids apud Wenyon. 

L Antigone antigone. H,Z.8., 1925. 

2. Atheyie brama. H. Donovan, 1904. 

3. CaUx'nas nicobarica, H.Z.S., 1925. 

4. Centropus sinensis. H. Donovan, 1904. 

5. Chloropsis aurifrons. H.Z.8., 1925. 

6. Cittoclncla macrura. H. Plimmer, 1914, D'17 ;Z.S., 1925. 

7. Columba Uvia. H. columbae Celli and S. Felice ant. 

8. Copsychus saularis. H. muruony Mello and Sa. 1916. 

9. Coracias indica. H. Plimmer, 1912, 1914. 

10. Corvus splendens. H. Donovan, 1904. 

11. Dendrocitta vagabunda. H. Plimmer, 1913. 

12. Fuligul<a baeri. H. Plimmer, 1912. 

13. Garrulax albigularis. H. Plimmer, 1913. 

14. Garnilus lanceotatus. H. Plimmer, 1914. 

15. Glareola pratincola. H. Plimmer, 1913. 

16. Gymnorhis flavicollis. H. Plimmer, 1913 

17. Haliaetus leucoryphns. H.Z.8., 1925. 

is. Maclolophus Xantogenys. H. Plimmer 1912. 

19. Melophiis melanictervs. H. Plimmer, 1913. 

20. Mesia argentauris. H. Plimmer, 1913. 

21. Nettopus coroma'tidelinnus. H. Plimmer, 1915. 

22. Palceamis fasciafa. H. Plimmer, 1913. 

23. Propasser rhodochrovs. H. Plirilmer, 1917. 

24. Tarrhaleus jerJoni. H. Plimmer, 1913. 
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To this list we will add those found in our own studies.:— 

25. Vorvua macrorhynchiis. H. Mello et alia, 1917.^® 

26. Orfhotomes sutorins. H.Wenyoni. Mello et alia, 1917.*® 

27. Machlolopus Xanfhogenys. H. machlolopi (Plimmer, 
1912). Mello, 1935.® 

28. Lepfocoma Zeylanica. H. raymvndi. Mello and Raira- 
undo, 1934.^^, 

29. Coracias h, henghalensia, H. coractcp henghahnsis. 
Mello and Affbnso, 1935.*^ 

30. GalJimda chloropus. H. gallinnlce. Mello and Affonso, 
1935.*^ 

31. Astur hadiua dusaumieri. H. aaturia duaauynieri, Mello, 
1935.’5 

32. Oriolua orilua Kun4loj H orioU. Mello and Rego, 
1935.1® 

33. Sfrix ocellata, H. (unnamed). Mello, 1935.*® 

34. Paaior roaeus H. paaforia. Mello, Rego and Affonso, 
1935.*® 

35. Therf'iceryx Z. inormtiua. H. ihereicerycia. Mello and 
Sirvoiear, 1935.*® 

36. Thtrficeryx Zeylanica. H. Ihereicerycia rar. Zeylanica. 
Mello, Lopes and Furtado, 1935.*® 

37. Aegithina tiphia. H. cegithince. Mello and Sirvoiear, 
1935.1® 

38. Centropua parrotti. H. centropl. Mello, 1935.*® 

39. Platalea leucorodia major. H. plataleae. Mello, 1935.*® 

40. Antigone virgo. H.antigonia. Mello, 1935.*® 

41. Upupa e orienialia. H. upupae. Mello and Affonso, 

1935.18 

42. Cerchneia t. ohjurgatna. H. (unnamed). Mello, 1935.*® 

43 Elanva c. vociferua. H. elani. Mello and Affonso, 1935.*® 

44. Dicrurua m. macrocercua, H.dicruri. Mello, 1935.*® 

45. Tephrodornia p. pondiceriana. H. fephrodornia. Mello, 

1935.18 

46. Otocompaa emerla. H. otocompace. Mello and LoT)e8, 

1935.18 

47. Glaucidium radiatum. H. glaucidii. Mello and Lopes, 
1935.1® 

48. Sturnua malaharica. H. aturni. Mello, Rivonear and 
Oaniotim, 1935.*® 

49 Anthua r. rufulua. H. anthi. Mello and Reveredo, 
1935.*® 

50. Halcyon amyrnenaia, H. halcyonia. Mello and Quenim, 
1935.*® 

51. Gymnorhia Xanfhocollis. H. gyrnnorkidia. Mello and 
Rego, 1935.*® 

52. Athene hrama, H. hramcp. Mello and Curehorcar, 
1935.1® 
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New Hcemoproteids found during our researches, 

53. Egreita intermedia Forster.—Shot at Sal(*ete, identified 
by Mr. S. H. Prater, Curator, Bombay National History Society. 

, Hcemoproteus whose gametocytes show the sexual 
dimorphism of this genus. Female gametocytes with blue proto¬ 
plasm (Leishmann Stain), alveolar, often vacuolated. Nucleus 
oval central or sub-central. Granules of pigment of bla(‘k 
coffee colour generally spread all over the body ; seldom collected 
on the centre, in some forms very scanty. Form very variable, 
haltheride or crescent-like, spheroidal or elliptic. We have seen 
some forma possessing two evident nuclei, not due to the accole- 
menf referred to by Brumpt and recorded also in this })apor in some 
other Hacmoproteids. Male gametocytes .with the protoplasm 
very slightly blue, generally colourless. Large nucleus without 
definite outline and constituted by chromatic* masses which in 
some specimens occupy almost the whole body of the parasite. 
Pigment with granules located at poles, generally at both, but 
rarely only unipolar. One of the poles is sometimes more pig¬ 
mented than the other. General form elliptical or spheroidal. 

Red cell generally normal and not hypertrophied. Often 
<leformed. Nucleus generally displaced to the periphery. 

The infection of the birci was not very abundant. 

Egretta intermedia Forster and Herodias intermedias Wagler 
are synonymous. Our Hcemoproteus is H. herodiadis Mello, 
1935. Studied in collaboration with my pupil Fernando 
Lopes, it shows only slight differences : whilst th< male gameto- 
cyte in our former specimen had a small central or sub-central 
nucleus, in this one the nucleus is large, without definite outline 
and occupies sometimes almost the whole body of the parasite. 
The distribution of the pigment being the same in both game¬ 
tocytes of H. herodiadis differs in our actual Haemoproteus, being 
all over the body in females and polar in males. 

The female gametocytes of this Hsemoproteids have not 
shown the violet rings found in the former, but negative characters 
are, in such cases, not reliable for differentiation. 

We c'onsider therefore* these differeiic*es mere variations in 
the morphology of the parasite which we identify with Hcemo¬ 
proteus herodiadis Mello, 1935.® 

54. Thereiceryx viridis Bodd.—Shot at Ponda, identified by 
Mr. S. H. Prater. Studied in collaboration with my pupil 
Narcinva V.S. Velingcar. Hcemoproteus with the following 
characters: Female gametocyte. —Protoplasm vacuolated, blue 
with Romanowsky. Small nucleus, oval or spheric, central or 
subcentral often situated at one pole. Its constitution is some¬ 
times granular where one granule is often more distinct than the 
others (Karyosome ?). Pigment brown ochraceous, in granules 
scattered all over the body, often in denser clusters at the poles. 
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The granules have various sizes, being sometimes very minute, 
sometimes larger. 

Form generally haltheridic. 

Mah gametocyte. —Slightly bluish, more generally colourless. 
Nucleus (lust-like, sometimes very large and without definite 
outline, central or sub-central. Pigment in large granules 
generally located at the poles or along the margin. At the side of 
large granules there are sometimes others of more minute size. 

Red cell hypertrophied. Nucleus displaced to the peri¬ 
phery \vheii the parasite is somewhat grown up. 

This ha^moproteus is with slight differences similar to the 
parasite of Thereiceryx zeylanica with which it will be identified. 
It is therefore the same as Hapmoproteus thfreiarycis var. zey- 
Jonica Mello, Lopes and Furtado, 1935. 

55. Lanius sch. erythrcmotus Vigors.—Shot at Ponda and 
identified by Mr. Prater of Bombay. Studied in collaboration 
with my pupil Narcinva S. S. Velingcar, this bird is parasitized 
by an Hwrnoprotevfi with the following characters: Female 
gamefocyte haltheridic, staining blue and with large pigment 
granules irregularly scattered over the bod,\. Nucleus not 
staining or staining very weakly with Leishmann’s stain but well 
with May Grunwald-Giemsa. It is small, oval or triangular and 
generally sub-central. Male gametocyte, irregular haltheride, 
almost quadrangular. Protoplasm colourless or ver\ light blue. 
Nucleus central, large, without definite outline and (*onstituted 
by chromatic masses irregularly scattered and taking sometimes 
the disposition of a reticulum. 

Pigment granules very minute, located at poles, not 
abundant. 

Whilst the fermle gametorytes do not alter deeply the red 
cells, only hypertrophying ami displacing the nucleus to the 
periphery when the parasite is fully grown up, the male game- 
toc^i:e, even when young, gives to the red cell a peculiar deforma¬ 
tion ; rendering it almost quadrangular, as it is figured in the 
plate. 

In birds of the genus Lavina many Hcemoproteidfi have been 
recorded by the authors. So. Lanivs httcephahis (=sCephalo- 
phoneus hucephalus) with a Trypanosome and Harnioproteus 
studied by Ogawa in Japan 1911 ; Lanins collurio (^sEnnesctonm 
collurio) with a Trypanosome studied by Sj5bring 1899 in Sweden, 
Hcemoprotevs recorded by Ziemann 1898 in Heligoland, 
Wasielewsky 1908 in Germany, Wulker 1919 in Macedonia; 
Trypanosome, Hcemoproteus, Leucocytozoon and Plasmodium by 
B5ing 1925, Germany ; Lanius excMhitor with a Trypanosemie 
Cardamatis 1910 Greece, Plasmodium Schaudinn (quoted by 
Prowazek, 1911) Germany, Hoemoproieus Danielewsky 1889 
South Russia, Cardamatis 1909 Greece, Brothers Sergent 1904 
Algeria, Wulker 1919 Macedonia : Trypanosome, Hcemoproteus, 
Leucocytozoon, Plasmodium B6ing 1925 Germany; Lanius 
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minor Hcemoproteua Danielewsky 1889 South Rufisia, Cardamatis 
1909 Greece ; Lanias rufus (=Phoneu8 ruHlus) Hcemoprotevs 
Danielewsky 1889 South Russia ; Lanius Schack (=i(^ephaIo- 
phoneus schack) Hcemoproteus Mathis and L^ger 1910 Tonkin ; 
Lanins auricuhtvo Phoneus auriculatus) Trypanosome A. & M. 
Leger 1914 Niger. 

Our Hcemoproteus must be similar to the parasites recorded 
in other countries, remarkably near that of Lanius schack of 
Tonkin. 

It is recorded for the first time in India, and as all these 
Hcernoproteids have not been named, we will baptize our parasite 
under the name Hcemoproteus lanii, sp. nov. 

III. LeUCOCYTOZOONS RECORDED IN INDIAN BtRDS. 

Some previous remarks are needed concerning the blood 
parasites actually classified as Leucocyfozoon. First of all, this 
word, whose meaning as a generic designation has been erro¬ 
neously attributed to Danielewsky, as rightly pointed out by 
Laveran,*® was used by the Russian author as indicating only 
some unpigmented malarial parasites of birds included in cells 
supposed to be leucocytes. The paper of Danielewsky and its 
title are strongly suggestive of this statement.^® He did not 
create any genus with the name Leucocytozoon, he spoke only 
of Leucocytozoaires^ in a wide sense, referring to those })arasites 
and their habitat according to his hypothesis. 

Since then the word Leuoocytozoon has been employed as a 
generic designation, but the differences of opinion on the 
exact meaning and nature, as well as on the cyvle of these 
parasites and the nature of the host cell yet subsist and the 
problems concerning these points remain yet unsolved. 

So, under the name Leucocytozoon are described two kinds of 
parasites: (a) the ones, elongated and contained in cells with 
spindle-shaped, fusiform points, the cellules <1 comes of French 
authors ; (6) the others of a round type, and whose harbouring 
cells never show the pointed appearances of the former. 

Are they two species of parasites, or two stages of the 
same parasite ? Wenyon * working with L. neavei, noted that 
‘ whereas in fresh blood preparations all the parasites were in 
spindle shaped cells, in dried films, especially if made some 
time after the death of the bird, there was a much greater 
diversity of shape, many of the parasites being spherical while 
the cells appeared to have lost their tail like prolongation 

Such is not the idea of Coles who states that he ^ has 
never seen the spindle-shaped Leucocytozoon and that this fact 
cannot be attributed to a later preparation of the blood films as 
they were taken at once, except perhaps in a few cases in which 
the bird had been dead some time, fixed by osmic acid vapour or 
even examined in hanging drop. ‘ In no case has there l)een 
any approach to the appearance of a spindle shaped bod 5 ^’ 
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Studying the Leucocytozoa of Coracids b, henghalensia^'^ 
we have been fortunate enough to deal with this point. Coracias 
b, benghalensifi is parasitized by both these kinds of Leuco- 
eytozoons with enough differential characters to individualize 
these two types and to reject the hypothesis of a possible trans¬ 
formation of one into another. 

This autonomy of both types has not been unnoticed by 
oth(T authors. Leger has suggested that it would be con¬ 
venient to designate these two forms under two generic different 
names, l^nhappily his claims were founded, not on the mor¬ 
phology of the parasite, but on that of the host cell ‘ la cellule 
bote est dans certains cas un hemafoblasfe, dans d'autres cas 
un mononucl^aire, jamais indiffc^remment Tun ou Tautre 
.\nd certainly for this reason Leger himself and Mathis wrote 
later on ‘ distinguer deux categories de Leucocytozoon 
suivant la nature de la cellule hote parasitee, (‘e serait, a notr(‘ 
avi.s, premature \ 

After a long study of Leucocytozoa we maintain that these 
types have enough characters for constituting two genera. For 
the first one the name Leucocytozoon (genotype Consensu ima~ 
nitni^ L. ziemanni) should be kept , for the second one an 
independent genus should be created to which the name of 
Marcel Leger should be attache<l. 

If we turn now our attention to the nature of the host 
cell, we see that the problem is far from having a solution. 
Leger 21 states that the host cell is sometimes an hematoblast, 
in other cases a mononuclear; Mathis and L^ger^^ claim 
for the following formula : host cell fusiform-crythroblast ; host 
<'ell roundish—mononuclear leucocyte. Danilewsky who, at 
first, thought that the host cells were degenerated leucocytes, 
later on considered them as hematoblasts. vSambon agrees with 
Mathis and Leger; Wenyon, Keyssclitz, Mayer classify sucli 
cells as erythroblasts, Laveran and Lucet believe that the L. 
of the Turkey is included in white cells. Woodcock thinks that 
L, fringillinarum. infects a mononuclear Franga^^ classifies 
the host cell of L. laverani par. of Gnrrulus gleodarius L. as a 
mononuclear leucocyte, that of the young forms of L. mafhisi 
parasite of Accipiter nisus as an hematia. L^ger finds the L. of 
Corvus corax in a lymphocyte, the L. zieminni of Asio accipitrinus 
in an erythroblast.^^ Laveran and Marullaz describe their 
Hemameba liothricis {Leucocytozoon liothricis apud Wenyon) in red 
cells. 

We ha\c not unhappily come to any definite conclusion 
upon this point. In Coracias b. benghalensis it seems that the 
host cell in both Leucocytozoa is of the same nature, differently 
deformed by the specific action of these types. 

The same uncertainty prevails on the Schizogonic cycle of 
Leucocytozoa. The description of Fantham^^ has not been 
confirmed by others. Moldovan 26 , 2« describes young schi- 
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zonts in lymphocytes or erythroblasts with 12-20, sometimes 30 
nuclei (merozoites) in the organs, in acute and very heavy infec¬ 
tions. It seems that Coles has been happy enough to observe tlie 
divisional forms of the I^ucocytozoon of the thrush. Such 
proc^^s has probably been found also by Kniith and Magdeburg 
in L. anseris in Cermany. We have not worked on this point 
and cannot therefore give any opinion in this matter. 


We will now give the list of the Leucocytozoa of the Indian 
birds :— 

According to the list of Wenyon. 

1. Athene hrarna. Leucocytozoon (unnamed) Donovan, 
1904. 

2. Falro sp. Leucocytozoon (unnamed) Donovan, 1904. 

3. Janthocinclo rvjigularis. Lf wrori/^ozoon (unnamed) Z.S., 
1925. 

4. Liothrix lute us. Leucocytozoon (unnamed) Knowles 
1925. 

5. Oreicola ferrea. Leucocytozoon (unnamed) Plimmer, 
1913. 

6. Propasser rhodocrous. Lencocytozoon (unnamed) Plira- 
mer, 1917. 

♦ ♦ ♦ 

Described by me in papers already quoted an<: presented to 
the Indian Academy of Sciences :— 

7. Chloropsis a urifrons davidsoni vS. Baker (6) Leucocytozooon 
chloropsidis Mello, 1935. 

8. Coracias h. henghalensis (L.) Leucocytozoon coracice 
henghahnsis Mello and Affonso 1935 (of the tyj>e A. ziemanni) , 
Leucocytozoon sp. (round type). 


Described by me in collaboration with some of my puy)ils in 
a paper presented to the XII International Congress of Zoology 
(September, 1935) and yet unpublished :— 

9. Oriolus oriolus kundoo Sykes. Leucocytozoon sp. ? 
Mello and Rego. Round type. Female gametocytes staining in 
deep blue with very small vacuoles, irregular in number. Nucleus 
ovoid, granular, rose. Male gametoeyte with protoplasm light 
blue with large vacuoles, nucleus uncler the form of an irregular 
thread. It is perhaps similar to L. anellobice Cleland 1912 
(Australia) parasite of Oriolus Sagittarius (=Mimetta sagittata). 

10.. Oriolus xanthornus xanthornus Leucocytozoon I 

Mello. Round type. No sexual differentiation as in former 
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specimens. Cfreat tendency to aberrant forms in contrast with 
the regular round type of O. O. kundoo. Nucleus either crescent 
like or irregular and very large in some specimens, oval with a 
chromatic line or point mofe deeply stained in others. 

I'Ik' ver\ scanty infection of our bird does not allow of 
further remarks. 

]]. Chlorojms jerdoni Blyth. LvucocytoT^oon enriquesi, sp. 
nov., Mello. Bound type. It ditfers from L. chloropsidw in the 
following fjoints. While in female gametocyte of L. chloropsidis 
the nucleus is roundish, or oval, rose or not stained, in L. enriquesi 
it is roundish, ovoid or sausage-shaped and always well stained. 
Th(* differences in male gametocytes are mu(*h more pronounced. 
In L. chloropsidis the nucleus is long, tliread-like, irregular, 
stained violet. In L. cnriquesi the nucleus is very large, 
circular, occu])ying the most part of the ])arasite. Stained 
pale rose, dust-like, it is provided with a more deeply staining 
body, proba})ly a Karyo.some. 

12. Ardcola grayil Sykes. Loucocytozoon ardeola\ sp. nov., 
Mello. Round tyj)e. Protoplasm staining deej) blue, more 
pronounced on the borders. Wry minute alveoles. Nucleus 
circular, staining pale rose. Only five individuals seen, all of 
the same tyjie and so no sexual differentiation could be made. 

♦ sjt ♦ 

Nev^ Levrocyfozoa found in our actml researches, 

13. Molpasfes c. cafcr (L.) (in collaboration with my 
pupil Narcinva V^. S. Velingcar).—This bird was shot at Ponda and 
was kindly identified by Mr. S. H. Prater, (Orator, Bombay 
National History KSocioty. It is })arasitized by a Leucocytozoon 
of the round type which is figured in the illustration. The 
protoplasm of both males and females is provided with very 
few minute vacuoles not giving therefore any specific character 
for a sexual differentiation. Entirely different is the structure 
jof the nucleus. In female gametocyte it is circular, with a well 
marked membrane and a conspicuous central granule (Karvosome 
or rather cent Hole). In male gametocyte it is oval, rather 
elliptic and the chromatin is disposed in threads giving to the 
endosome various appearances figured in the schematic figure a. 

Nothing can be said about the host cell. It shows the same 
nuclear constitution as in other parasites of this tyf>e. It is 
however very curious and worthy of note that once only one 
Leucocytozoon has been seen, undoubtedly included in an hematia. 
We definitely make this statement. This does not mean however 
that the normal host cell of this parasite is an hematia. Its 
nuclear reliquat is entirely different from the red cell nucleus and 
perfectly alike to the same structures seen in other Leucocytozoon 
of this type. 
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Plate 2. 



Fui. 1. Loucocytozoon and Mifrofilaria from Molp'tsffs h. haoinorrhous Gmel. 
(a) nuclei of cT : {!>) sIms taken to cainorn lucida; (c) microfilaria 




Fig. 2. Microfilarium of Montkola solUaria pandoo (Sykes) 
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No parasite has been recorded in birds of this genus. We 
therefore baptize our Leucocyiozooyi as L. molpastis, sp. nov. 


IV. Trypanosomids of Indian Birds. 

The bird Trypanosomes are fully desalt with in 
Chapter XXX of the classical work of Laveran and Mesnil.*^^ 
Till 1903 our knowledge of these parasites was due to 
Danielewsky, followed by the studies of Chalachnikow. Though 
first described in 1888 by the former, our more precise* knowledge 
on the trypanosome of Danielewsky (T. avium parasite of 
Syrvium aluco) is due to Laveran. Many birds have* been found 
infe*e*ted by Trypane)somes and some interesting fae ts ceaicerning 
these parasites should be recorded :— 

(a) Many birds which eh) ne)t show any trvj)anejsomes in 
micTose-opical e*xamination, develop in the blood 
eailtures flagellates belonging to Trv})anosomiels 
(Novy Mcneal,^® Franva). 

(h) Often the trypanosomes are founel in the smctirs of 
bone marrow whe*n the blooel smears are totally 
negative.'^® Laveran has however found some¬ 
times just the opposite*. 

(c) It seems also that the number of Tryj)anosomes in 

birds is subject to nychtemeral and seasonal 
oscillations, varying according to the species. 

(d) The bird trypanosomes are essentially polymorphic. 


Lisi of Trypanosoynefi of Indian birds apvd Wenyon. 

1. Athene hrama, T. hramce Stephens and (Yist., 1908 
(Donovan, 1904). 

2. Caccahls chvkar. T, (unnamed) Plimmer, 19J2. 

3. Ciitocincla macrura. T. (unnamed) Plimmer, 1914. 

4. Columba livia. T. (unnamed) Hanna, 1903. Syn. T. 
hannai Mello and Sa 1916 nec Pittaluga. 

5. Copsychus saularis, T. (unnamesl) Plimmer, 1912, 1913 ; 
found by Mello and Lopes, 1935 (Xll International Congress of 
Zoology unpublished and named Trypanosoma moruoni sp. n.). 

6. Corvus monedula. T. corri, Steph. and Crist., 1908. 

7. Corvus splendens. T. (unnamed) Donovan, 11M)4. 

8. Dendrocitta vagal^unda=D. rvfa. T. (unnamed) Plimmer, 
1913. 

9. Milieus govinda. T. milvi. Steph. and Christ., 1908 
Donovan, 1905. 

10. Nycticorax n. vycticorax, T, nycticoracis Steph. and 
Christ., 1908—found also by de Mello (XII Int. Congr. of Zoology, 
1935). 
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11. ('olvrnba sp. T. columhae Steph. and (.hrist., 1908 (Syn. 
T. unnamed of Hanna, T. hannai Mello and Sa 1916 nec 
Pittaluga). 

♦ ♦ ♦ 

Trypanosontfs studU^d by the author and communicated to the 
Indian Academy of Sciences.'^^ 

12. J'urdoidt fi semnnervillei. T. turdoidis MAio, 1935. 

J3. (U-ntropvH s. parrofi. T. centropi, Mello, 1935. 

14. Jjrobrychus m, minuta. T. imbrychi, Mello, 1935. 

15. Lobicandlufi i. iudicufi. T. tobivauelli Mello, 1935. 

1(). (^ucuJIua micropfertius. T. rwcw//?, Mello, 1935. 


Trypanosomes found during ou) actual nsearchis. 

17. Butfo uulpiuus (do^er. T. sp. ^—This Trv])cinosom(‘ 
has hecMi communicated lo the XIl lutem.'tional (’ongr(‘Ss of 
Zoologv (yet unpublished). Infection ven scanty, only three 
indivnciuals found in hve slides examined. Posterior (^nd very 
pointed, rostrum like, the kinetouucleus being situated 3, 5 to 4 
microns behind, it is surrounded b\ a very narrow vacuole, 
sometimes almost indistinct. Nucleus rather sub-central, cir¬ 
cular or ovoid. Undulant inembrane v(Ty visible with the 
axoneme taking a chromatic stain. It begins a little behind the 
kinetonu(*leus and ends in a free llagelliim, very thin but dis¬ 
tinctly visible. The whole body stains very de(*p with Romanow- 
sky. Measurements of the thn^e individuals found :— 


Posterior rostrum 

From the Kinetonucleus to 

4 

3, 5 

4 microns 

th(‘ nuclear membrane . . 
Total length without Ihe 

IS 

12 

13 

fiagellum 

40 

30 

40 

Free flagellum 

S 

6 

10 

Breadth 

3 

3 

3, 5 


Novy and Mcneal have described Trypanosoma mesnili in 
BufiO lintatus [=iBufeo desatorum) 1905, North America, with 
the following measurements: length 50 microns, breadth 8, 
Kinetonucleus at 7 microns of the posterior point. 

Our Trypanos(»me is much narrower than T. mesnili, but 
as the measurements of this trypanosome were taken on one 
single specimen and non-obstant the o})i^ion of Novy and Meneal 
that in the blood of Buteo lineatus ihere is another species different 
from T. mesnili and identified by thost' American authors with 
T. avium (apud Lav. and Mesnil), we prefer not to name our 
species which will be registered only as Trypanosoma sp. 

18. Oriolus orilus kundoo. —During our actual researches 
we found in one young Oriole a trypanosome, from which only 





I_L I_» > t 

50 microns 


» 7 ,. 


iJn vttmo'iuleus Laf. 
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one specimen was seen after a long examination of three blood 
smears (none in lung smears). It is interesting to note that many 
Orioles have been examined by us since last year without 
showing any Trypanosomes at all. 

The general morphology agrees with the avian type. 
Posterior extremity pointed, rostrum-like. Kinetonucleus very 
conspicuous, lodged in an oval vacuole. Undulating membrane, 
starting from the kinetonucleus and having its axoneme with 
a chromatic tinge. Macronucleus slightly sub-central, more 
towards the anterior end, and having, in the only specimen 
examined the form of a triangular truncated band, stained in 
rose by Romanowsky and of granular constitutio?!. Free flag(^l- 
lum very thin but distinctly visible. 

Measurements : from the posterior point4o the kinetonucleus 
5 microns ; from tlie kinetonucleus to the posterior margin of the 
macronucleus 12 microns ; breadth of tlie macroniuleus 2*3 
microns ; from the ant. margin to the anterior edge of the 
parasite (> microns ; free flagellum S microns : maximum breadth 
5*3 microns. 

Under the name Trypanosoma an(llohia> Johnston and 
Cleland have described a j)arasite of Oriolus Sagittarius (=J/iwc/a 
sagitfata) from Australia in 1912. As we have not found the 
characters of this trypanosome, we cannot identify our species 
which will be recorded here only as Trypanoso)ua sp 


ToXOCLASMIDS RECORDED IN INDIAN blRDS. 

We are dealing now with parasite's of (l()u})tful nature 
vhose cycle and systematic ])osition remain yet in obscuritA. 
The first ])arasites of this type in birds were described in 
1911 by Beaurepaire Aragao.-^' Before them La reran (1909) 
and Adie (1909) had described similar t\pes in the s])an(>v\ 
and in Padda oriziovra which were classified l)\ Aragao a^ 
h mogrvgavines and named by him H. adiei and //. padda\ The 
parasites of the* Brazilian birds were named Hemagregarina atti- 
corcp, H. ramphoceli, H, psoroarice, H. fijjorophilce, H. tanagree, 
H. sicalidis, H. brachyspizee according to the bird harbouring 
them. 

Noller states that Toxoplasma columha^ Yakimoff and Kohl 
Yakimoff (1912) was probably the second record of this kind. 
Found by Cariiii in Columba livia, identified firstly vith the 
Toxoplasma of dogs and rabbits, with which they liave a great 
resemblance, later on found as a spontaneous parasite of pigeons. 
Yakimoff and Kohl Yakimoff gave it the specific name Toxo¬ 
plasma columbcp?^ 

In India 1 found a parasite in the monocytes of pigeons, 
which 1 named Levcocytogregarina fram^oe, referred*by Noller and 
by Wenyon to Toxoplasma columbee. I recorded schizogony in 
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hepatic celln, more rarely in peripheral blood and bone marrow 
and at the same time a definite binary division where rudi¬ 
mentary kariokinetic figures could be demonstrated. 

According to Wenyon, Hoare who has described a typical 
leucocytic hemogrc'garine in an Indian eagle (H. adiei)^ studying 
Aragao's description and examining his figures, believes that in 
all probability five of Aragao’s birds actually harboured hemo- 
gregarines, while two {Sporophila alhigularia and Sicalia fiaveola) 
harboured true toxoplasmata. Wenyon (2, page 1086) adds : 
‘ Aragao describefl a number of hcmogregarines from South 
American birds. It has been assumed by NSlIer and others 
that he was really dealing with toxoplasmata. The discovery by 
Adie on an undoubted hemogregarine in an Indian eagle k‘d 
Roare to study Aragao’s piper. It was found that Aragao was 
probably dealing wilh two distinct types of parasites—toxo¬ 
plasmata in two birds and hcmogregarines in five. The parasite 
of the Indian eagl(' which was named Hepatozoon adiei closely 
resembles the leucocytic jiarasit^s of the dog, rat and other 
animals and it is probable that in five of his birds Aragao was 
dealing with a similar organism.’ 

Studying carefully the jiajier of AragSo we are absolutely 
convinced that all his seven jiarasites belong to the same type. 
All have the same morjihology. If the differences pointed by 
Hoare and Wenyon are based on the schizogonic figures of H, 
aicalidia and H. aporophilre, such figures are also seen in H. 
brachiapizcp (AiagSo’s fig. 76), although not in such an advanced 
stage as in the former. 

What is the systematic position of these parasites ? The 
expression Leucocytogreganna Porter, used in generic sense by 
Sangiorgi (1912) for L. muaculi which was recognized afterwards 
to be an Hepatozoon Miller 1908, has been rejected and it is 
generally ac*cepted that the bird yiarasites we are referring to 
should be classified as Toxoplasma Nicolle Manceaux 1908, as 
claimed by Nbller. One must not forget that in T. gondii, 
the type species, Nicolle and Manceaux have described a para¬ 
nuclear body, attached to the nucleus which is missing in the 
bird parasites. 

The systematic position of these bird parasites is therefore 
very obscure: hcmogregarines for Aragfto, toxoplasmata for 
MaruUaz, Noller and others. Noller has advanced another hypo¬ 
thesis after studying a so-called toxoplasm found in the spleen 
and liver of Chryaomitria apinua L. : that they may be mero- 
zoites of Coccidia inhabiting the intestine of this bird which was 
infected by male and female gametocytes and also by schizonts 
of an Eimeria. The schizonts occurred in the subepithelial 
tissues, together with merozoites and were also traced in the 
l 3 n:nphatics going to the liver. So, it is not improbable, says 
Noller, that the forms seen in the liver and spleen were in reality 
merozoites of the intestinal organism. 
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In Fulica atra we have described a so-called Toxoplasma 
{T. fuliccB) which has very curious features : (a) firstly, there is 
no Coccidian parasite in the intestinal tract of this bird, and 
consequently the hypothesis of Noller cannot be ac(‘epted in this 
case; (6) secondly, the parasites included in monocytes and 
multiplying be repeated binary division show tinctorial reactions 
suggesting a sexuality of the schizonts, a sexuality which seems 
to continue yet in the products of the division of the schizonts, 
or merozoites. A similar process of sexuality in agametes was 
described by Schaudinn in Cyclospora caryolitica. Our T. fulicce 
seems to be a monocytic coccidium, closely allied to the family 
Cyclosporinaj. 

After all these remarks one can see that the bird parasites 
we are referring to c*onstitute a complex group of organisms 
which, only provisionally, can be classified as Toxoplasmata. 

We will now give a list of the Toxoplasms of the Indian 
birds :— 

According to the list of Wenyon. 

1 . Pratincola caprata. Toxoplasma (unnamed) Pilmmer, 
1916. 

To this we will add :— 

2. Oolumba livia (domestic species) Toxoplasma fram^ce 
Mello, 1935. (Syn. T. colvmhcp Yakimoff and Kohl Yakimoff ^).®* 

♦ ♦ ♦ 

Communicated to the Indian Academy of Sciences 

3. Fulica atra. 'Toxoplasma fulicce Mello, 1935. 

♦ ♦ ♦ 

Communicated to the XII International Congress of 
Zoology 

4. Butastut teesa. Toxoplasma butasturis, sp. nov, Mello.— 
Uifiercnt from the T. fulicce as it has the protoplasm uniformly 
stained in pale rose and not showing the bitonal coloration 
suggesting sexuality as referred above. It resembles oiir 
T, frauQce of the pigeon. Very few individuals seen : small 
parasites as the ring forms of Plasmodids, some larger schizonts 

.with the nucleus more developed, evidence of binary division, 
often more than one parasite in the same cell. 

VI. MiOROFILARIDS RECORDED IN INDIAN BtRDS. 

In this chapter we are obliged to record only our own 
observations, as we had not at hand the literature dealing with 
such parasites studied by other authors. Our parasites have 
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not been named previously when only one sp. of Microfilarium 
has been found in the bird examined from that point of view, as 
we assume that the parasite will take naturally the specific 
name related to the host. When, however, more than one 
species has been recorded, we have given to them specific names. 
In this list we will characterize and name them according to the 
principles established above :— 

1. Herodias intermedins Wagler. Microfilarium herodiadis 
Mello, I93r>.« 

2. Chloropsis avrifrons davidsoni S. Baker. Microfilarium 
chhropsidis Mello, 1935.® 


Communicated to the XII International (^ongress of 
Zoology:— 

3. Oriolus xanthomas xanthornus (L.). Microfilarium xan- 
thorniy sp. nov.—Roundish head, posterior extremity thinner, 
often pointed, often abruptly blunt. Sheath with transverse 
striation. Nuclear contents beginning at the head with two 
granules parallel or convergent and continued by nuclei so densely 
close one to another that it is quite impossible to individualize 
them as to distinguish the columns. Two spots, one split-like, the 
other, caudal, oval; however, many specimens where such spots 
are not visible. Central Viscus seems to be present sometimes. 
Breadth 5-7 microns. Length measured on 13 specimens : 
90, 38, 42, 65, 50, 45, 58, 40, 36, 61, 46, 75, 78 microns (in 
collaboration with my pupil Xantarama Edo). 

4. Chloropsis jerdoni Blyth.—^Two specimens of this bird 
examined in collaboration, one with my pupil, V. V. Quenim, the 
other with my pupil, Narana L. Hansguiri, showed a Micro¬ 
filarium with the following characters : provided with sheath 
without transverse striation, head roundish, tail pointed, some¬ 
times slightly blunt, conical. Cellular contents disposed in two 
columns, beginning at 2 to 4 microns from the head where two or 
three nuclei are very distinct, rod shaped and disposed in an in¬ 
complete V. In the majority of specimens this double column 
may bt* followed till the <?entral spot, which is very distinct. 
Cephalic split-like interruption sometimes visible. Central spot 
at 23-37 microns. Maximum bread 4-7 microns. Length taken 
on 24 specimens 181, 156, 159, 111, 113, 108, 125, 124, 153, 124, 
143, 114, 224, 138, 103, 155, 130, 145, 113, 131, 143, 129, 104, 
97 microns. This Microfilarium is different from M. chloropsidis 
parasite of Chloropsis aurifrons davidsoni, in the absence of the 
transverse striation of the cuticle which characterizes the last 
one. We name it Microfilarium jerdoni, sp. nov. 

5. Thereiceryx zeylanicus (Gmelin).—This bird studied in 
collaboration with my pupil Fernando Lopes harbours in its 
blood two species of Microfilaria. 
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Type A, —Strongly curved, sometimes with the anterior 
half taking a spiral disposition. Anterior end round, pf)8terior 
end pointed and followed by a tail-like flagellum of nearly 30 
microns length. Very thin sheath. Nuclear contents beginning 
at 3-4 microns behind the anterior end in two columns disposed 
in V or U in their initial portion. One constant caudal spot, 
oval, at 80-90 microns from the head. Central Viscus not visible. 
Breadth 3, 5 to 4 microns. Length taken on 10 specimens 185, 
186, 220, 191, 191, 205, 225, 205, 184, 184 microns. We have 
named it Microjilarium jorgei, sp. nov., in homage to Prof A. R. 
dorge. President XII. Int. Congr. of Zoology. 

Type B. —More or less rectilineal, anterior end round, 
posterior one roundish blunt. Sheath very thin. Two nuclear 
columns beginning almost immediately behind the head. At 
nearly 30 microns from the head one longitudinal spot, split-like ; 
central spot oval, at nearly 70-75 microns from the head. 
Breadth 3-4 microns. Len^h measured in 14 specimens 110, 
97, 97, 92, 97, 106, 96, 100, 104, 100, 112, 103, 104, 91 microns. 
We name this type Microjilarium ihereicerycis^ sp. nov. 

6. Disaemerus paradiseus malaharicua (Latham).—Studied 
in collaboration with my pupil Emerciano Dias. Very abundant 
infection, showing in every microscopic fleld 5 to 6 microfilaria. 
Provided with sheath, anterior end rounded, posterior one pointed 
but blunt. Nuclear column beginning at 6-7 microns from the 
head Nuclei disposed in two columns, sometimes three, irre¬ 
gularly interrupted here and there. One constant caudal spot 
situated at nearly 83-85 microns from the head. More or less 
irregular interruptions seen on cephalic and central portions. 
Breadth 5-7 microns. Length : I specimen 142 ; 5-160 ; 5-170 ; 
1-175; 2-180; 2-190. We name it Microjilarium diaaemeri, 
sp. nov. 

7. iJendrocifta rufa rufa (Latham).—Studied in collabora¬ 
tion with my pupil Raia Sirvoicar. 

8. Dendrocitta rufa vagahunda (Latham). Studied in 
collaboration with my pupil V. Visvonath Quenim. 

Both these birds were parasitized by the same species of 
Microjilarium which we name Microjilarium deudrocitUje, sp. nov. 
Straight or slightly curved, anterior end round, posterior 
end pointed, fusiform. Nuclear contents beginning by two to four 
nuclei just behind the head and filling (*ompletely the body in 
order that the sheath is hardly visible. The nuclear columns are 
2 or 3. One spot, generally circular, nearly at 45 microns from 
the head. Breadth circa 5 microns, l^ength measured in 24 
specimens 80, 79, 82, 76, 78, 56, 65, 74, 77, 79, 80, 80, 74, 70, 
78, 67. 70, 79, 69, 72, 74, 62, 76, 75 microns. 

9. Aegithina tiphia (L.).—Studied in collaboration with my 
pupil Raia Sirvoicar. Microfilarium with anterior end blunt, 
and the posterior one pointed. Nuclear contents beginning at 
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1()-12 mi(Tons from the head and filling the whole body. In 
the anterior part of the sheath, which is devoid of nuclei, some 
minute granules taking a cliromatic stain are often noticed. 
Median sj)ot either oval or V-shaped, fairly constant. One or two 
accjessory spots on the post part. Central viscus a little behind 
the median spot. The irregularity of the number and of the 
situation of these spots characterizes this Microfilarium, which 
we name M. cegithince, sp. nov. Breadth 5-7 microns. Length 
1-85 microns; 2-100 ; 1-105 ; 4-125 ; 1-145 ; 3-165; 1-175 : 
4-200 ; 1-215. Free part of the sheath before the head 3 to 9 
microns. Free part of the tail, when present, 12-16 microns. 

Two other specimens studied in (iollaboration with my 
pupil R. Sirvoicar and Hori Curchorcar showed the same 
Micrqfilarium. 

10. Ceniropus 8. parroti Str.—Very scanty infection by a 
Microfilarium., only 4 parasites having been found in 7 slides 
examined. Provided with sheath, anterior extremity blunt, 
posterior one pointed, tail-like. Central viscus, very marked, 
under the form of a large granular band occupying the 2nd fifth 
of the body. It stains violet with Romanowsky in contrast with 
the uniform bluish colour of the body where no nuclei are 
distinctly seen. This constitutes a peculiar characteristic of this 
Microfilariuniy whose body does not also show distinct spots. 
In the middle there is perhaps a slight V^-like interruption and 
at the tail another, very incomplete ; but these spots (() also 
are not constant. Breadth 6-7 microns. T^ength 100-150 
microns. We name this MicroJUariufn erntropi, sp. nov. 

11. Ceniropus s, parroti Str.—The Micrqfilarium of this bird 
is quite different from that described above. Sheath with trans¬ 
verse striation completely filled up with nuclei, which beginning 
some 10 microns behind the anterior rounded end, run into 3, 
sometimes 4 compact columns, till the posterior end which is 
abruptly truncated and has at the end a slight enlargement. Tn 
some specimens three distinct spots : one (jephalic, not reaching 
the whole breadth of the parasite, one median of the same type, 
and one caudal, very large, quadrangular, constituting a com¬ 
plete interruption in the nuclear column. Central Viscus, when 
present, situated in the anterior third. We have named this 
Microjilarium mccanni sp. nov. in homage to Mr. C. W. Mc¬ 
Cann, of the Bombay National History Society. 

12. Nycticorax n. nycticorax (L.).— Microfilarium with in¬ 
distinct sheet. Anterior end blunt, posterior one pointed. 
Compact nuclear column, filling the whole body of the parasite 
and beginning shortly behind the anterior end by two nuclear 
masses disposed as a V. One central spot fairly constant but not 
reaching the whole breadth of the parasite. Central Viscus, when 
present, under the form of an oval body, stained blue with 
Romanowsky and situated a little behind the median spot. 
Breadth 6-7 microns. Length 60-95 microns. 
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We name it Micrqfilarium nycticoracis, sp. nov. 

13. Ardeola grayii Sykes .—Microfilarium with a thin 
sheath provided with transverse striations. Head roiuided, 
j)osterior end tail-like, abruptly pointed and the nuclear contents 
at tliis level contracted in the majority of specimens in the form 
of the biting sting of a scorpion. The nuclear column very com¬ 
pact, beginning a little behind the head by two distinct cellular 
groups. One constant central spot circular or V-likc. Central 
A'iscus not distinct however in one or two specimens it seemed 
to be present under the form of a crescent shaped body, located 
behind the central spot. Two other spots, one central, other 
caudal, not always constant and irregular either in their form or 
size, as sometimes the interruption reaches the whole breadth of 
the nuclear column, and sometimes not. Breadth 6-8 microns, 
length; 2-57 microns; 4-65, 7-70, 15-75, 3-80, 5-85, 5-90, 
5-95, 2-100, 1-104, 1-108, 1-119. 

We name it Microfilarium ardcolce, sp. nov. 

14. Strepfopelia a. camhayensis (Gmelin ).—Microfilarium 
with a very thin sheet, with transverse striation hardly visible. 
Anterior end rounded and devoid of nuclei in some 10-12 microns 
of length but in this space two fine lines can be seen representing 
the two compact columns of nuclei which fill the whole body of 
the j)arasite. Three spots, cephalic, median and caudal, irregular 
in form and sometimes not complete. (^Jentral Viscus sometimes 
visible behind the median spot. Posterior end pointed but 
ending abruptly as a truncated cone. Breadth 6-7 microns. 
Length 160-236 microns. 

We name it Microfilnrium sirepiojidice, sp. nov. 

15. Acridotheres trisfis tristis (L .).—Microfilarium with 
sheath, the nuclear column beginning 5-6 microns behind the 
anterior end which is enlarged comparatively to the breadth of 
tlu* body. The nuclear mass does not fill the body completely. 
Th(‘ posterior end is either obtusely pointed or abruptly cut off 
and what is curious is that, despite the slides having been beauti¬ 
fully stained with Romanowsky, no separate nucleus could be 
seen in the body, the entire conttmts forming a compact mass, 
ribbon-like, irregularly twisted, where the spots are scarcely 
visible (one median, one caudal, not always visible). Central 
Viscus when present situated behind the median spot. Breadth 
4-5 microns. Length 90, 100, 104, 318, 120 microns. 

We name it Microfilarium acridotheris, sp. nov. 

It). Dicrurus m, macrocercua Vie.—Very short Microfihrium , 
with roundish head and the posterior end possessing a small 
protuberance, curved as an appendix and very peculiar as it 
resembles perfectly the coecal appendix. Central spot oval 
or band-like ; often a caudal spot. Nuclear column beginning 
three microns behind the anterior end. Two rows of nuclei. 
Breadth 5-6 microns. Length 68, 85, 71, 73, 66, 65, 74, 63, 
69, 70, 50. 62, 60, 51 microns. 
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We name it Microfilarium dicruri, sp. nov. 

17. Pycncmoiua luteolvs (Less.).—Studied in collaboration 
with my pupil Emerciano Dias. Microfilarium which has the pecu¬ 
liarity of not showing any spot at all, the nuclear contents very 
closeiy packed up in three columns and beginning quite near the 
head, one or two nuclei quite distinct and not filling the sheath 
at this level. Between the nuclei there are frequent small 
interruptions, not constituting however definite spots. Breadth 

5 microns. Len^h 74, 82, 79, 82, 70 microns. 

We name it Microfilarium pycuonoti^ sp. nov. 

18. Oeocichla c. cyanoiis (J. & S.)—Studied in collaboration 
with my pupil Ant6nio Reveredo. Microfilartum with the 
anterior end rounded, posterior one pointed, sometimes ending in 
a very thin point. Nuclear contents beginm'ng at 1-3 microns, 
from the head, and disposed in 2 or 3 columns, often very closely 
fused together. One caudal spot, well marked. Some other 
interruptions, 1 to 3, whose situation varies according to the 
specimens, but generally in the middle and posterior part. 
General morphology rectilineal or more or less curved. Breadth 
4-6 microns. Length 77, 66, 60, 73, 66, 67, 57, 56, 82, 70, 79 
microns. 

We name it Microfilarium geocichlce^ sp. nov. 

19. "Gfokichla citrirui (L.).—Studied in collaboration with 
my pupil Alberto de Mello Furtado, this bird harbours three types 
of Microfilaria. 

(a) Type I. Perfectly similar to the above described with 
the only difference that in some specimens three spots (median, 
posterior and caudal) are often visible. 

This parasite is therefore the Microfilarium geocichla? 
described above. 

(b) Head irregularly roundish, narrower than that of the 
type (a). Two rod-like nuclei at a short distance from the head. 
Tail pointed, very narrow, curved. General morphology regu¬ 
larly sinuous. Two nuclear columns. Two spots very distinct, 
one cephalic, the other caudal. 

Tn some specimens Central Viscus behind the first spot, but 
not very distinct. The nuclear columns are very close to the 
sheet which is perfectly visible at the cephalic region. Rare 
.specimens with a third median spot. Breadth 4 microns. 
Length 93, 106, 95, 123, 114, 102 microns. 

We have named this parasite Microfilarium herciUani, sp. nov. 
in honour of Prof. Herculano de S&, of the Seth Gordandas 
Sunderdas Medical College of Bombay. 

(c) This is the laigest Microfilarium hitherto found in our 
studies. Head large, recurved, with one or two granules. 
Sheath very large, the nuclear contents in two columns often 
very closely packed up and forming a narrow, sinuous ribbon, 
running in the interior of the sheath which is not at all filled by 
the nuclear contents. Sometimes, due probably to bad stain- 
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ing, the nuclei are scarcely visible and the whole of the parasite 
seems uniform with one or more areas irregularly stained. 
Three spots: cephalic, median, caudal. Tail pointed. Breadth 
7-8 microns. Distance from the head to the different spots : to 
the' cephalic circa 40 microns, to the central circa 82, to the 
caudal circa 131. Length 264, 294, 325, 304, 242, 330 microns. 

We have named it Microfilarium praferi, sp. nov. in honour of 
Mr. S. H. Prater, Curator, Bombay National History Society. 

20. Anthus r. rufulus Vie.—Studied in collaboration with 
my pupil Antdnio Reveredo, this bird harbours three species 
of Microfilaria. 

(a) Head roundish, posterior end pointed and provided with 
an appendage similar to the biting nail of a scorpion. Nuclear 
contents beginning as two nuclei just behind the head, one of 
them generally very close to the sheath. Two, rarely three 
columns of large nuclei, filling completely the interior of the 
sheath, so closely packed up that it is often difficult to dis¬ 
tinguish them separately. Median and caudal spots fairly visible. 
Cephalic spot often present but not so regular. General mor¬ 
phology : straight or more or less sinuous with the tail some¬ 
times curved. Distances from the head to the median and 
caudal spots generally 47 and 64 microns. Breadth 5*5-6 
microns. 

Length 74, 80, 78, 76, 73, 70, 69, 61, 65, 75, 79 microns. 

We name it Microfilarium. anth% sp. nov. 

(ft) Head elliptic, tail blunt, conical. Nuclear contents 
beginning just behind the head, as two rod-like granules united 
to the sheath and continuing with two columns of small nuclei 
very closely packed up and filling completely the interior of the 
sheath. Two spots : one cephalic, split-like, the 'other caudal. 
General morphology more or less rectilineal or gently curved. 
Average distance from the head to the cephalic split-like spot 
32 microns ; to the caudal spot 74 microns. Breadth 3*5-4 
microns. Length 111, 108, 109, 112, 94, 107, 95, 95, 97, 99, 
110, 125 microns. 

We have named Microfilarium prashadif sp. nov. in honour of 
Dr. Baini Prashad of the Indian Museum, Calcutta. 

(c) Curved, sinuous or S-like. Roundish head where the 
two nuclear dots make a kind of hernia not allowing clearly to 
individualize at this level the outline of the sheath. Posterior 
extaremity fusiform, but somewhat blunt. Nuclear contents 
disposed in two, rarely three columns often fused together in 
one single rank very close to the sheath. Spots often not 
visible, sometimes one median and one taudal, not attaining the 
whole nuclear column. Breadth 3*5 microns. Length 52, 58, 
57, 54, 53, 46, 56, 55, 32, 46, 50, 48, 45 microns. 

We have named it Microfilarium horai, sp. nov, in honour of 
Dr. S. L. Hora of the Indian Museum, Calcutta. 

21. Scbxicoloided fulicata (L.).—Studied, in collaboration 
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with m}" pupil Quensova M. Bandari, this bird showed a large 
Microfiiariurn provided with a sheath and having the head 
roundish, the tail pointed, the nuclear contents in three columns 
just behind the head and ending in the tail in a thin nuclear mass 
with constant transverse interruptions. Three spots, cephalic, 
median and caudal, not reaching the whole mass of the nuclear 
contents. Another very interesting fact is that the nuclear 
(*oiitcnts are often contracted in a thin ribbon-like band, leaving 
between it and the walla of the sheath a large free space. 
Rectilineal or more or less sinuous. Cephalic spot at 33 to 52 
microns from the head. Breadth 9 microns. Length 180, 117, 
140, 125, 208, 231, 146, 235, 211, 132, 150, 162 microns. 

We name it Microfilarium suxicoloidis, sp. nov. 

22. Copaychus saularis (L.).—In c‘ollaboration with my 
pupil Fernando Lopes 1 found in this bird a more or less sinuous 
Microfilarium, with roundish head where two granules mark the 
beginning of the nuclear mass ; posterior extremity having a 
caudal, very effilated appendix, of some 32 microns in average. 
Two nuclear columns. Three spots, often not very distinct, 
situated at circa 47, 89, 110 microns from the head. Breadth 3-4 
microns. Length 177,163, 211,168,194 microns. Length of the 
tail 31, 30, 28, 30, 35, 37 microns. 

This Microfilarium, which was also found in another 
specimen studied in collaboration with my pupil Alberto P. L. 
Affonso has been named by us Microfilarium moruoni. sp. nov. 

Second type. —In the specimen, studied together with my 
pupil A. P. L. Affonso, we have found another type of Micro¬ 
filarium with the following characters. Sheath prolonged beyond 
the caudal pole of the nuclear mass, forming an appendage of 
nearly 30 microns and having the appearance of a glove finger. 
This constitutes the principal characteristic of this parasite. 
Nuclear mass beginning by two granules and not filling the 
whole breadth of the parasite, so that there is a large space 
between the nuclear mass and the wall of the sheath. Nuclear 
columns two, nuclei very closely packed up. In well developed 
specimens two split-like spots, cephalic and caudal and one 
median oval spot not reaching the whole mass of nuclei. The 
cephalic pole may also show sometimes a small sheath appendage 
where some granules and fibrils, lightly stained, are visible, in 
contrast to the quite clear zone of the caudal appendage. Breadth 
5 microns. Length 139, 130, 86, 103, 125, 151, 160, 177 microns. 
Caudal glove finger appendage 18 to 45 microns. Cephalic 
appendage 4 to 20 microns. 

We have named it Microfilarium copaiyci, sp. nov. 

23. Lalage melaschista (Hodg.).—Studied in coUaboration 
with my pupil Fernando Lopes. Microfilarium having a roundish 
head with two granules often imited under the form of an 
U. Posterior extremity often pointed in a short point, often blunt. 
Nuclear contents in two columns (often three distinctly visible at 
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the anterior extremity). One constant split-like spot at 36 to 60 
microns from the head, according to the specimens. Cephalic 
spot, when visible, at 20-25 microns from the head. Caudal 
spot rarely seen. Some specimens with the Central Viscus of 
MailSon situated rather on the posterior part at some 55-6(^ 
microns from the head, Breadth 4-5 microns. Length 69, 82, 
85, 57, 72, 103, 96, 98, 110 microns. 

N.B, —Three specimens were found with the posterior 
extremity as rounded as the head. One of these specimens 
showed only one spot at 62 microns : the other two 2 spots. 
Length 79, 62, 50 microns. As the posterior extremity of the 
Microfilarium shows a great polymorphism, we believe that these 
throe forms are only morphological variations of the same species 
which we name Microfilarium lalagei, sp. nov. 

« ♦ ♦ 

Microfilarids found during our actual researches, 

(See Plates 2 and 3.) 

24. Molpastes cafer (L.).—Studied in (‘ollaboration with 
rny pupil Narcinva V. S. Velingcar. 

Small and large Microfilarium with sheath and nuclear 
contents in two columns well marked on the head which is 
roundish. They are afterwards very closely packed up and 
intcrnipted by three spots: one cephalic, one caudal, both not 
reaching the whole mass of the nuclear conttmts and one median. 
spUt like, complete, and more constant than the former. 
Posterior extremity pointed, often very narrow. Breadth 7-8 
microns. Length 50-60 microns. 

We name it Microfilarium molpastis, sp. nov. 

25. Turd us mcrula fiigropilcus Laf.—Shot at Nagoa 
(Salcete) and identified by Mr. S. H. Prater. Studied in colla¬ 
boration with my pupil Miss (^iriaca Vales. Microfilarium with 
rounded head and blunt tail. Nucdear contents begimiing at 3 to 
4 microns from the head and disposed in two, sometimes three 
columns, often in Y on the initial portion. Number and form 
of the spots variable : in general there are three spots, one 
cephalic, one median, one caudal, often oval, often split like. 
Central Viscus when present, in front of the median spot. 
Maximum breadth 3-6 microns. General form rectilineal, rarely 
sinuous. Length 1 110 microns ; 3-115 ; 2-120 ; 2-130 ; 1-140 ; 
3-145 ; 1-150 ; 1- 160 ; 1-170 ; 2-180 ; 3-190 ; 2-2(X). 

We name this Microfilarium merulcp, sp. nov. 

26. Monticola solitaria pandoo Sykes, (studied in ’colla¬ 
boration with my pupil Narcinva V. S. Velingcar). 

The Microfilarium of this bird shows the peculiarity of 
possessing a varied number of spots. Sheath without trans¬ 
versal striation. Nuclear contents in two distinct columns, 
beginning shortly behind the anterior end which is roundish. 
Posterior end pointed, more or less blunt sometimes, and con- 
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stituting a short tail. Cephalic spot, often split like, central 
spot, generally'oval, both these spots being constant. We have 
found 3 specimens with 5 spots, 2 with 4 spots. Breadth circa 7 
microns. Length 9S, 122, 155, 170, 142, 181, 163, 169, 181, 
199 microns. 

We name it Microfilarium monticolaSy sp. nov. 

« ♦ ♦ 

VII. 

During this work many birds did not show any parasites 
at all. This does not mean, indeed, that thpy are free of blood 
parasites : many specimens were negative, whilst others, belong¬ 
ing to the same species were infected. 

The negative birds are here recorded merely to show the 
work accomplished for this paper which, to a certain extent, 
gives a contribution too for the study of ornithological fauna in 
Portuguese India. 

Ivdian birds which did not show any blood parasite at all, 

(1) Demiegretta asha (Sykes). 

(2) Numenius p. phceopus (Linn). 

(3) Tringa hypoleucos Linn. 

(4) Larus genei Breme. 

(5) Egretta alba alba (Linn). 

(6) Phoeniconaias minor Geoff. 

(7) Nettion crecca crecca (Linn). 

(8) Spatula clypeata (Linn). 

(9) Leucopolius a. alejxandrinus (Linn). 

(10) Elathea jocosa 

(11) Tchitrea paradisi paradisi (Linn). 

(12) Qraucalus m. macei Less. 

(13) Eremopterix grisea Kaup. 

(14) Xantholcema haemacephala lutea (Lesson). 

(15) Mcrops o, orientalis Latham. 

(16) Erolia m. minuta (Leisler). 

U7) Ghaptia oenea rmlayensis A. Hay. 

(18) Mcrops superciliosus javanicus Horsfield. 

(19) Strcptopclia chincnsis surcUensis (Gmelin). 

(20) Tringa glareola Linn. 

(21) Saxicohides fulicata cambaicnsis Latham. 

(22) Pellomeum ruficeps Swainson. 

(23) Mcrops superciliosus Linn. 

(24) Ghaptia cenea (Vieillot). 

(25) Haliastur indus (Bodd.). 

(26) Alcedoatthis (Linn). 

(27) Ghrysocolaptcs guttacristatus (Tickell). 
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(28) Dicrurus coerulescens (Linn). 

(29) Cryptoplectron erythrorhychum (Sykes). 

(30) Irena puella (Lath). 

(31) Dendrophaaa bicincta (Jerdon). 

(52) Pericrocotus apeciosus (Latham). 

(33) Dicceum minvllum Swinhoe. 

(34) Xanthokema nialaharica (Blyth). 

(35) jEthiopaar fuacus (Wagler). 

(36) Hypothymia azurea aykeai (Baker). 

All these birds were identified by Mr. Prater or Mr. McCami, 
of the Bombay National History Soeiety, to whom my best 
thanks are here expressed. 
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The clitellum and sexual maturity in the Megascolecinse. 

By G. E. Gates and Macnu Hla Kyaw. 

In the Oligoehajia spoeifit* characterization rests largely on 
the sexual organs. If these organs are not fully developed in 
the systematist’s specimens, inadequate or even erroneous 
specific diagnoses may result. The clitellum which is present 
in sexually mature individuals has therefore be(Mi regarded as 
of considerable importanc^e to the taxonomist as an indication 
of the sexual maturity of his material. 

In earthworms of the subfamily Megascolecina?, presence of 
spermatozoa in the seminal chamber of a spennathecal diverti¬ 
culum is indicated by an irirlescence that is visible through the 
thin wall of the chamber. Spormathecal spermatozoa are always 
received (so far as is known) from another worm during the course 
of a copulatory act. The iridescence is, accordingly, evidence 
that copulation has taken place. But, iridescent seminal 
chambers are occasionally found in aclitellate individuals. In 
these worms the sexual organs are mature and we have, 
apparently, mature though aclitellate sj)ecimens. Such worms 
either copulated in an aclitellate condition (the clitellar glandu- 
larity still undeveloped when the worms were killed) or else the 
worms copulated in a clitellate condition, aftei whicii rhe clitellum 
disappeared. 

In an attempt to dis(*over if the second alternative is a 
correct explanation, observations have been made on several 
Rangoon species of Megascolecinae in which clitellar regression 
takes place under laboratory conditions. Hitherto only one 
species, Pheretima'posthuma (L. \^aillant) 1808, has provided any 
evidence of especial interest. 

A number of clitellate s|>ecimens of P. posthuma were 
collected in the neighbourhood of the University on the fifteenth 
of August. Of these worms 28 were killed and preserved by the 
usual technique while the remainder were placed in largo, 
earth-filled pots, one worm in each pot. A fortnight later the 
clitellar region of the worms in the pots was much less distinct 
and on the clitellar segments seta? were readily recognizable 
without a lens. Four and five weeks after the beginning of the 
experiment the worms were killed and preserved by the usual 
methods. 

No clitellar glandularity is recognizable on the experimental 
worms. Intersegmental furrows 14/15 and 15/16 are visible, 
dorsal pores on the clitellar furrows are either present or represent¬ 
ed by pore-like, possible non-functional markings, ^ta^ are 
present ventrally and laterally but are lacking dorsally. The 
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female pore cannot be identified though its site is marked by a 
tiny, transversely placed depression. Colouration of the clitellar 
segments is slightly different from that of the neighbouring 
segments and this colouration together with the absence of setae 
dorsally distinguishes the post-sexual condition of segments xiv 
to xvi from the juvenile or pre-sexual condition. 

Of the 28 worms killed at the beginning of the experiment 
each specimen is characterized by an iridescence of every seminal 
chamber. In view of this uniformity it seems fair to assume 
that all of the experimental worms had copulated prior to capture. 
In one of the experimental animals each seminal chamber is 
characterized by a spermatozoal iridescence. In two other 
worms each seminal chamber is filled with an opaque, whitish 
material with no iridescence. In another specimen the seminal 
chambers are translucent. In the last worm, which was killed 
several days later than those just mentioned, the seminal chambers 
are all transparent. 

Thus, in at least one sjjecies of the Megascolecinae, 
spermatozoa (;an be retained within the seminal chambers 
unmodified or sufficiently unmodified to produce the iridescence 
until after the clitellar glandularity has disappeared. 

The non-iridescent opacity, translucence and transparency 
of the contents of the seminal chambers are indications of 
changes presumably of a digestive and absorptive nature taking 
place within the chamber. The chamber does not appear to 
undergo any noteworthy change in size and shape during the 
process of spermatozoal digestion. 

Published accounts of copulation tend to indicate that only 
clitellate individuals actually participate in the sexual act, and 
further evidence for such a belief is afforded by the observations 
on Pheretirna posthuma just mentioned. But copulation has 
been studied in only a few species and in only one Megascolecine 
form (a species of Pheretima), It would be premature, therefore, 
to deny that aclitellate individuals can copulate, especially since 
the primary function of the clitellum seems to be the formation of 
cocoons, a j)Ost-(;opulatory act. 

In contrast to the condition just discussed, in certain species 
of Pheretima, clitellate specimens have occasionally been found 
in which the testes are undischarged or juvenile while the seminal 
vesicles are rudimentary, juvenile or entirely lacking. In this 
case there is no possibility of a po.st-sexual regression of the 
sexual organs and we have fully clitellate but sexually immature 
specimens (at least so far as the male organs are concerned). 
Such sj)ecimens usually are heavily infested wdth gregarines or 
show evidence of having been so infected. (iVo^e.—The parasites 
are not in, or even near, the organs affected.) In spite of the 
heavy infestation the hosts are of normal size or may even be 
unusually large and apparently, at least so far as external 
appearances are concerned, quite healthy. In these worms the 
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parasites appear to have been responsible for the inhibition or 
restriction of development of the sex organs without affecting 
the development of the clitellum. 

Avel {C.R, Soc, Biol. Paris, Vol. 96, 1927 and C.R. Ac. Sci. 
Paris, Vol. 186, 1928) has shown that the clitellum in certain 
species of Lumbricidfle can develop in the absence of the gonads, 
both testes and ovaries. Avel concludes (according to 
Stephenson, 1930, p. 404) that the appearance of the clitellum 
as a secondary sexual character is dependent on a particular 
condition of the body fluids. If the parasites in the genus 
Phereihna can affect the host through the body fluids in such a 
way as to inhibit development of certain sex organs, at the 
same time permitting the development of others, and in particular 
the clitellum, a similar interference with the developmental 
pro(;es8es should he possible experimentally. 


Rbfkiience. 

Stephenson, J.—The Oligochasta. Oxford, 19110. 


Jvdson CoUege, 
Rangoon, 
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1. Introduction. 

The investigation of alimentary canal of Epilachna indica 
was taken up in connection with a more compreiiensive work on 
a comparative study of the alimentary canals of carnivorous 
and herbivorous beetles of the family Ooccinellida? (Coleoptera), 
but as the studj^ of E. indica revealed a large number of both 
structural and physiological peculiarities vhich are important 
from the view-point of digestion among insects in general, I 
am publishing this account separately. The alimentary canal 
of another species oi Epilachna, i.e. E. corrupta has already been 
described by two American workers, Potts (1927) and Burgess 
(1932) ; but unfortunately the accounts of these two investigators 
differ from each other, and my own findings on E. indica differ 
in important respects from those of both of these authors on 
E, corrupta ; I am therefore presenting my results in an extended 
form. 

2. The course of the alimentary canal. 

The alimentary canal of E. indiog (fig. 1) is a convoluted 
tube about three times the length of the body of the insect.' 

1 As the insect shows sexual dimorphism in its size, the length of 
the gut also varies in the two sexes, being 3 cm. in the case of the female 
and only 2*76 cm. on the average in the male. However, the ratio between 
the length of the insect and that of its alimentary canal in the two sexes 
remains almost the same. 
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Like the typical gut of an insect, it consists of three main 
divisions—^the fore-gut, the mid-gut, and the hind-gut of which 
the second division is the longest in this species. The gut 



tmm 


Fia. 1.—The alimentary canal of E, indica in situ : the coils have been 
shghtly opened to render the coilmg clear : cas, glandular 
diverticula; co., colon ; cr., crop ; d.i., distal loop ; 
dilator muscles; F.G., fore-gut; H.G., hind-gut; ileum; 
M.G., mid-gut; m,t,, mcdpighian tubules; gb., ossophagus; 
pharynx ; pr.Z., proximal lobe ; re., rectum. 


generally and the mid-gut specially are capable of distention and 
contraction within a fairly wide range. The diameter of the 
alimentary canal at different levels depends largely on two factors: 
firstly, on the presence or absence of food in that region, and, 
secondly, on the phase of the peristaltic wave at which that 
part of the gut has been fixed. The peristalsis of the gut takes 
the form of a series of discontinuous waves which pass along 
the gut changing the diameter of any portion, specially that of 
the mid-gut. These peristaltic movements can be observed under 
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a binocular microscope when a freshly narcotized insect is 
dissected in normal saline solution. 

The fore-gut. —^The fore-gut is a comparatively short flask¬ 
shaped tube, almost wholly confined to the head-capsule. It 
consists of: (1) the buccal cavity^ (2) the 'pharynx, (3) the 
<»8ophagu8, (4) the crop, and (5) the oesophageal valve, the last 
being telescoped within the anterior end of the mid-gut. The 
mouth leads through the buccal cavity into the pharynx but 
there is hardly anything to distinguish the boundary of the 
buccal cavity from that of the pharynx, the one passing insensibly 
into the other. 

The pharynx is a short tube which shows a slight enlarge¬ 
ment and then narrows evenly behind to form what may be 
called the pharyngeal ‘ constriction A number of stout 
dilator muscles arranged in small groups (dl.m.) arise from the 
wall of the buccal cavity and the pharynx. These muscles 
run in different directions and are inserted in the different parts 
of the head-capsule and the tentorium. From their position 
and attachment, there seems little doubt that they serve to 
dilate the buccal and the pharyngeal cavities. 

Behind the pharyngeal constriction lies the short narrow 
oesophagus which widens posteriorly to form the crop (cr.). At 
its posterior end the crop narrows down and becomes telescoped 
into the anterior end of the raid-gut, forming what is commonly 
known as the ‘ oesophageal valve ’ (fig. 6). 

The mid-gut. —The mid-gut forms the most prominent 
region of the alimentary canal and is variously coiled and 
twisted, lying along the median axis of the thorax and abdomen 
as shown in fig. 1. In a dissection it appears to consist of two 
distinct divisions : (1) an almost straight proximal lobe (pr.l.) 
and (2) a coiled distal loop (d.l.). From the junction of the 
head with tlie thorax the proximal lobe runs behind almost in a 
straight line, lying just beneath the heart and extending up to 
the third visible stemite of the abdomen. The anterior end of 
the proximal lobe is produced dorso-laierally into a pair of 
inconspicuous but distinct pocket-like glandular diverticula,^ 
each of which is divided externally by two or three longitudinal 
grooves. Behind these diverticula, the wall of the proximal 
lobe shows a large number of both transverse and oblique folds. 
The extent of these folds in this region shows a great variation 
in different specimens, depending apparently on the course of 
peristalsis. It may be noted, however, that the longitudinal 
muscles (vide infra) are not included,within these folds, since 
in a dissection of a fixed specimen, they can be clearly seen 
stretching across the grooves between these folds. 


1 These diverticula have not been described in E. corrupta either by 
Potts or by Burgess. 
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At its hind end, the proximal lobe becomes narrow and is 
sharply bent downwards and then outwards, emerging out on 
the left side of the proximal lobe and forming the first limb 
of the distal loop. This limb now coils round the proximal 
lobe, and on reaching a little to the left of the mid-ventral line, 
runs back as the second limb lying parallel and anterior to the 
first limb. It now crosses the fo*st limb and the proximal 
lobe and reaches the level of the hind end of the latter. Here 
the mid-gut passes into the hind-gut, the junction of the two 
being marked by the origin of six malpighian tubules. The 
distal loop has a narrow calibre and does not show any regular 
folds like those present on the proximal lobe, though a few folds 
may be present in some parts of the distal loop as well. 

The hind-gut .—^The hind-gut is a much shorter tube than the 
mid-gut, though it is more than three times the length of the 
fore-gut. It consists of: (I) the iZewm, (2) the colon, and (3) 
the rectum. Just behind the origin of the malpighian tubules 
the ileum forms two short loops, and then gradually widens out 
to form the pear-shaped colon (co.). Both the colon and the 
hinder part of the ileum have malpighian tubules adhering to 
their walls. Posteriorly the colon ends rather abruptly and is 
clearly demarcated from the highly muscular rectum (re.). The 
rectum is a short tube and looks like an elongated sphincter on 
account of its thick musculature. 

When the coils of the alimentary canal are undisturbed, 
the two limbs of the distal loop, the distal portion of the proximal 
lobe and the distal part of the ileum together with the colon 
form four parallel coils as shown in fig. 1. All these structures 
look quite plump and fresh even in a fixed specimen. 

3. Histology of the alimentary canal. 

Essentially the structure of the alimentary canal of E. indica 
is not at all different from that of any other typical insect. 
It consists as usual of a single layer of internal epithelial cells 
surrounded first by an inconstantly distinguishable basement 
membrane and then by the layers of circular and longitudinal 
muscles. The wall of the gut is also lined internally with a 
variable intima which is chitinous in the fore- and the hind- 
guts. Externally the gut is surrounded by an inconstantly 
noticeable fascia. 

The histology of the alimentary canal presents difficulties 
which seem insurmountable on a first examination of the serial 
sections. These difficulties are due to the fact that the histo¬ 
logical characters of the different regions of the alimentary canal 
change so rapidly that not only do the cells appear different 
after every few sections in the series, but that even in the same 
transverse section, one often finds a large variety not only of the 
form and size of the cells, but even in the consistency and the 
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staining capacities of their contents. As a matter of fact, the 
variations exhibited by the cells of the alimentary canal are so 
many and so sudden that it is very difficult to co-relate them 
without constantly taking into consideration the probable 
physiological phase of these cells. 

fore~gnt .—^Unlike the condition in E, corrupta (Potts, 
1927 and Burgess, 1932), the histological character of the fore¬ 
gut (figs. 2, 3, 4, 5) in E. indica varies considerably in its different 
regions. The variations relate, firstly, to the foldings of the 
chitinous intima and secondly, to the relative disposition of the 
musculature, the character of the epithelium remaining almost 
constant throughout the length of the fore-gut. The epithelium 
consists of small cubical cells arranged in a squamous manner 
within the chitinous intima. The cytoplasm of the cells is 
very finely granular and the nuclei very well-defined, each 
nucleus containing generally a single deeply staining granule, the 
nucleolus. The cell outlmes are often mdistmct and the base¬ 
ment membrane is hardly distinguishable. 



Fiq. 2.—T.S. through the phcuynx: c.m., circular muscles; ep., epithehum ; 
ifU», intima. 


In sections through the pharynx (fig. 2), the chitinous intima 
is seen to be strongly developed and may be as much as 8 microns 
in thickness. It forms a compact flayer which stains deep 
green with indigo-carmine ; with eosin it either retains its natural 
brown colour or only takes up the red tinge of eosin. It is 
thrown into six longitudinal folds which generally carry the 
epithelium with them. The outlines of these folds in transverse 
sections are irregular and inconstant, showing that the height of 
each fold varies along its length. The musculature consists 
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almost entirely of moderately developed circular muscles, as 
hardly any longitudinal strands are visible. Besides, there are 
radially directed dilator muscles which appear to originate 
directly from the intima (fig. 3). 



•05Tnm 

Fio. 3.—A portion of T.S. through the pharynx showing the origin of 
the dilator muscles ; di.m., dilator muscles , epithelium ; 
mt.y intima. 


In the region of the oesophagus (fig. 4), however, the chitin 
becomes weaker and less compact, as is shown by the fact that 
it stains faintly with eoain and indigo-carmine. The intima 
in this region is extremely thin being only about 2*0 microns 
thick. The six folds of the wall of the pharynx flatten out and 
give place to an uneven surface. The circular muscles, like those 
of the pharynx, are moderately well-developed but in addition, 
the longitudinal muscles also begin to appear, although they 



Fig. 4. — T.S. through the cBSOphagus: c.m., circular muscles; ep , 
epithelium ; int,, intima ; /.m., longitudinal muscles. 
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consist of only a few very narrow strands lying scattered in the 
different parts of the oesophagus. 

The histology of the pharynx and the oesophagus of E, 
carrupta as described by Potts (1927) seems to be very different 
from that in E. indica. According to him the ‘ epithelium ’ 
of the pharynx in E, corrupta ‘ is not thrown into folds ’ while 
the ‘ intima * and also the epithelium (as shown in his diagram) 

‘ of the oesophagus seem to be thrown into a series of longitudinal 
folds usually four in number Burgess (1932) while describing 
the same species neither contradicts Potts nor does he make 
any mention of the longitudinal folds in the oesophagus. In 
E, indica on the other hand, it is the pharyngeal wall that is 
thrown into six longitudinal folds, there being no longitudinal 
folds in the oesophageal wall in front of the crop. Potts has also 
described the presence of teeth on the oesophageal wall but 
Burgess entirely contradicts this statement. In E. indica also, 
I have not found any teeth at all. 

In the region of the crop (fig. 5) the arrangement of the 
several components of the gut-wall becomes entirely different. 
The chitinous intima is compact and stains deeply as in the case 
of the pharynx ; and there are four well-defined major longi¬ 
tudinal folds alternating with four minor ones. From each of 
the major folds arise a number of long narrow bristles which are 



Fig. 5.->-T.S. through the crop; c.m., circular muscles; ep., epitheliiim; 

in.m., intrinsic muscles; iW., intima; l,m,, longitudinal 
muscles ; oh,m.^ oblique muscles ; 6r., bristles. 
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apparently outgrowths of the chitinous intima. As is clear from 
fig. 5, the whole wall of the oesophagus is divided by the major 
folds into four distinct quadrants. 

The musculature of the crop is very elaborate and interesting 
and we can distinguish the following sets of muscles : 

1. Circular muaclea. —These muscles (c.m.) are quite thick 
and surround the gut either completely or partially. The com¬ 
plete muscles are like ordinary circular muscles which surround 
the crop in a typical insect without showing any connection with 
the epithelium. The partially surrounding muscles lie among 
the ordinary circular ones, but have one or both of their ends 
attached to the epithelium of a fold. This latter type of muscles 
has not been described in E. corrujpta by either of the two workers 
referred to above, and even in other species has been described 
only in a few cases. Anyhow, the statement generally made 
that the circular muscles simply encircle the gut without being 
attached anywhere does not seem to be universally true. 

2. Longitudinal muscles. —^These muscles (l.m.) are not so 
stout as the circular ones. They originate from the epithelium 
at the posterior free end of the oesophageal valve (vide infra) 
and always lie inside the circular muscles. They run forwards 
as a few narrow strands in the wall of the oesophagus (already 
described). 

3. Oblique muscles continuous with those of the mid-gut .— 
These muscles (ob.rn ., figs. 5 and 6) are also fairly stout. Originat¬ 
ing at different levels from the epithelium of the major folds of 
the crop, they run obliquely outwards and backwards and pierce 
the rest of the musculature and then converge into small groups 
which run externally to the circular muscles for a short distance, 
bridge over the oesophageal valve and become continuous with 
the external longitudinal muscles of the mid-gut. In serial 
transverse sections, these muscles are cut in different directions. 
At places they are cut longitudinally and appear to radiate 
from the epithelium of the major folds ; at other places they are 
cut transversely and lie outside the circular muscles of the crop. 
From their mode of attachment it appears that these muscles 
may be acting as dilators for the major folds, but from the fact 
that these muscles run outwards and backwards it seems more 
probable, however, that they act as erectors for the bristles 
which ordinarily remain directed backwards. It may also be 
noted that these muscles are not the continuations of the longi¬ 
tudinal muscles of the fore-gut. Thus the longitudinal muscles 
of the fore- and the mid-guts are not continuous as has been 
generally described in the gut of other insects. 

4. Intrinsic muscles of the folds. —Besides the circular 
muscles already described, there are also well-developed circular 
intrinsic muscles (in.m.) in each of the four quadrants of the 
wall of the crop. These muscles stretch across the two adjacent 
walls of each fold. The position and attachment of these 
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intrinsic muscles are evidently related to the formation of these 
folds. When these muscles contract, the folds project deeply 
into the lumen of the crop while on their relaxation the folds 
flatten out. 

The musculature of the crop, like that of the whole of the 
fore-gut, shows an abnormally large number of nuclei (figs. 4 
and 5) which are at times arranged in long rows in a manner 
more or less similar to what has been sketched by Pavlovsky 
and Zarin (1922) in the case of the stomach of the honey-bee. 

After understanding the elaborate structure of the crop, its 
functions also become sufficiently intelligible. The presence of 
the strongly developed folds of the intima often reaching quite 
deep into the lumen of the crop, the long fine bristles which are 
probably moved by the oblique muscles, and, lastly, the elaborate 
musculature of the crop as a whole rendering all kinds of move¬ 
ments possible for the wall of the crop—all these lead to the 
conclusion that the crop is a good churning apparatus for the 
food. It may also be added that some of my sections show the 
presence of the mid-gut secretions in the crop, thus indicating 
that the food and the secretions are mixed up in this part of the 
gut. Besides the mixing and the churning of food and secretions, 
it is also possible that when the major folds project into the 
lumen and their bristles are erected, the bristles may form a good 
straining sieve. 

Such an elaborate structure of the crop has not been de¬ 
scribed in E, corrupts. Potts does not describe any structure and 
simply writes, ‘ The crop is not so well developed in E, corrupta \ 
Burgess on the other hand, describes the crop and sketches a 
section through the same. His sketch and description are sur¬ 
prisingly different from those of mine and the differences become 
all the more remarkable when we take into consideration the 
fact that the two are the species of the same genus and possess 
almost similar habits. In E. corrupta there are no definite folds 
of the intima as in indica. The spines in E, indica are confined 
to the top of the major folds, while in E, corrupta they cover the 
entire lining of the crop. The musculature of the crop in E, 
corrupta is quite typical while it is much more complex in E, indica. 
The abnormally large number of nuclei in the muscles described 
above in E. indica has neither been described nor sketched in 
E. corrupta. Further in E. corrupta Burgess writes that the 
spines ‘ are probably to grind up the food but in E. indica the 
spines are too fine and elongate for grinding purposes ; here they 
may be acting as a strainer, or helping* in the admixture of food 
and secretions or they may be performing both the functions. 

The CBSophageal valve. —The so-called oesophageal valve (fig. 6) 
is a more or less funnel-shaped structure formed by the tele¬ 
scoping of the fore-gut into the mid-gut. It is therefore double- 
waUed, the inner wall being formed of flat fore-gut epithelium 
lined internally with a chitinous intima which is thrown into four 
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longitudinal folds as in the crop. The outer wall on the other 
hand, is formed of very narrow elongate cells with no lining of 



Fig. 6.—L.S. (vertical) through the oesophageal valve : c.m., circular 
muscles ; cr., crop ; f.ep., fore-gut epithelium ; int,y iiitima ; 
l.m.f longitudinal muscles ; m.ep,^ mid-gut epithelium ; 6b,m.^ 
oblique muscles. 

the chitinous intima. As a matter of fact, the chitinous intima 
of the inner wall gradually becomes thinner and thinner till it 
disappears at the posterior free end of the valve. The change in 
the shape of the epithelial cells as well as the absence of the 
chitinous intima indicate that the point of division between the 
fore-gut and the mid-gut lies at the posterior free end of the 
cesophageal valve. 

The space between the inner and outer epithelia of the valve 
is filled with longitudinal and circular muscles, the former l 3 dng 
internally to the latter. The circular muscles both within and 
in front of the valve are much better developed than the longi¬ 
tudinal. In fact, the circular muscles form a regular sphincter 
in front of the valve, the sphincter being up to 50 microns in 
thickness. 

Mention may also be made here of the slightly raised girdle 
(g,t fig. 6) of the mid-gut epithelium situated just round the 
base of the oesophageal valve. Wigglesworth (1930) has de¬ 
scribed similar girdles in several insects including Coccindla 
septempuriciata. It is, however, noteworthy that no such 
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structure has been described in E. corrupta, Wigglesworth has 
shown beyond doubt that these girdles secrete the peritrophio 
membrane in the insects he has studied, and there is every 
probability that in E. indica as well this girdle performs the same 
function, although I have not seen a direct connection between 
the peritrophic membrane and this girdle with much certainty. 

The mid-fl'it^.—Histologically the mid-gut (figs. 7 to 13) is 
distinguished from the fore-gut, firstly, by the absence of the 
chitinous intima and secondly, by a reversal in position of the 
two kinds of muscle, the circular ones lying witliin the longi¬ 
tudinal and not vice-versa as in the case of the fore-gut. The 
two divisions of the mid-gut, i.e. the ' proximal lobe ’ and the 
‘ distal loop differ markedly in histological characters and are 
therefore treated separately. 

The proximal lobe .—^The anterior part of the proximal lobe 
extending up to one-third or even one-half of its length appears 
to be the seat of most vigorous physiological activity. Li this 
portion, the epithelial lining together with its basement membrane 
and the circular muscles, is almost always found to be thrown 
into irregular folds, in the formation of which the longitudinal 
muscles take no part 



Fio. 7.—Portion of epithelium (L.S.) from the anterior region of the 
proximal lobe: c.m., circular muscles; mtima; l.m., 
longitudinal rauscles ; n., nuclei; ni., nidi 


The epithelium in this region consists mainly of large 
columnar cells (figs. 7 and 8) with patches of very small cubical 
cells in between. In the resting stage,* the columnar cells are 
fairly regular in shape but during their physiological activity 
present a large variety of forms. The cytoplasm is usually 
granular but its consistency changes largely with its activity. 
In the resting stage, the inner border of the cells shows a definite 
and often more deeply staining striated intima, but in the 
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secreting cells the free margin is often jagged and irregular. 
The nuclei show a fairly wide range of variation both in their 
size and in their position within the cell; at some places they 
lie in a definite wavy line (fig. 7) forming alternate crests and 
troughs while at other places (figs. 13 and 14) no definite arrange¬ 
ment can be made out. The number of the nuclei within a single 
cell also varies from zero to several, specially in the actively 
secreting cells. The outlines of these nuclei are often definite 
and clear; they are rounded, oval, or even elongate in shape. 
Internally they are made up of a rather loose network of fine 
fibrils studded with chromatin granules of various sizes. 

At the bases of these columnar cells lie little dome-like 
structures called the nidi. {ni.). These are small multinucleate 
masses of cytoplasm, over which the columnar epithelium forms 
a series of arches ; at some places the nidi appear to be mere 
groups of nuclei containing very little or no cytoplasm at all, 
while at other places they may be represented only by masses of 
cytoplasm with some chromatin granules scattered therein. 
From an examination of a large number of nidi, it appears that 
the amount of cytoplasm bears an inverse ratio to the size and 
number of the nuclei in the nidus^ The nature of these nuclei 
seems to be the same as that of the nuclei of the columnar cells 
and their number in each nidus varies from zero to several. The 
distribution of the nidi is quite irregular ; at some places they 
are so numerous that they lie contiguous to one another, while 
at other places, they are very sparse. The size and shape of 
the nidi are also subject to considerable variation ; at some 
places the nidus presents the appearance of a small inverted 
saucer (fig, 7), while at other places it forms a high dome-like 
structure (fig. 14a). 



Fia. 8.—Portion of epithelium (T.S.) from the posterior region of the 
proximal lobe : lettering as in Fig..7. 

In the posterior portion of the proximal lobe (fig, 8) the 
nature of the epithelium is completely changed. The tall 
columnar cells of the anterior portion here give place to short 
flat cells lengthened in the tangential direction; the nidi are 
very small and scarce and the musculature is distinctly ill- 
developed. 
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From the histological characters of the epithelium of the 
two regions of the proximal lobe, it appears that while copious 
secretions are poured on the food in the anterior region, the 
posterior region forms a chamber where these secretions have 
time to act on the food. The lumen of the anterior region is 
generally filled with secretions and portions of secretory cells; 
the lumen of the posterior portion, on the other hand, generally 
contains a food-cylinder enclosed within a very thin peritrophic 
membrane. The space round the food-cylinder contains dis¬ 
integrated cell-products or sometimes even non-disintegrated 
portions of the epithelium. Even within the food-cylinder one 
sometimes finds nucleated masses of cytoplasm. 

The distal loop .—The most easily noticeable peculiarity of this 
region (figs. 9, 10, 11, 12) is the irregularity in the height of the 
epithelial cells. In certain areas, most of the epithelial cells are 
considerably tall while in others the cells are short and cubical. 
The transition from tall to short cells is gradual at some places 
and abrupt at others. The distribution of the nidi is also not 
uniform. In the region of the elongate cells, the nidi are fairly 
large and numerous but they are much smaller and often very 
sparse in the region of the shdrt cubical cells. 



Fig. 9.—Portion of epithelium (L.S., young and undifferentiated) from 
the mid-gut; lettering as in Fig. 7. 
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^05 mm. 

Fia. 11.—Portion of epithelium from the distal loop of the mid-gut: here 
the differentiation has gone further : lettering aa in Fig. 7. 



•05 mm. 

Fio. 12.—Portion of epithelium from the distal loop of the mid-gut: 

here the differentiation has gone still further : lettering as 
in Fig. 7. 

Another peculiarity of the distal loop epithelium is that the 
tall cells are differentiated apparently into two distinct kinds, 
one kind of cells staining much more deeply than the other. 
The deeply staining cells vary in shape ; some are goblet-shaped 
(fig. 10), others club-shaped (fig. 11), and still others are so much 
drawn out as to rest on elongat^ peduncles (fig. 12). The lightly 
staining cells, on the other hand, are generally broader at their 
base, although they vary considerably in their height. The 
differences in the shape and grouping of the deeply staining 
cells give different appearances to the epithelium of the various 
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regions as seen in sections. When the pedunculate cells are 
situated in small groups on the top of the nidi, they look like 
regularly arranged flower-bouquets (fig. 12), and give a pretty 
appearance to the whole epithelium of the region. 

The epithelium shows these characters very nearly up to the 
posterior end of the mid-gut. At the extreme posterior end, 
however, the epithelial cells become particularly tall and narrow, 
and often reach almost the centre of the lumen, specially so, 
near the origin of the malpighian tubules where they become so 
compact in addition that in sections the epithelium often appears 
to consist of several layers of cells ffig. 13). 

We may note that the differentiation of the tall elongate 
cells into two kinds as described above, has not been noticed 
either by Potts or by Burgess in E. corrupta. 

The pyloric valve .—^The pyloric valve (figs. 13 ; and 13a PI. 4) 
lying at the junction of the mid-gut and the hind-gut, results 



Fig. 13.— L.S. through the pyloric valve : c.m., circular muscles ; H.G., 
hind-gut; int., intima; Lm., longitudinal muscles ; M.G., mid- 
gut; m.ep., mid-gut epithelimn; h.ep., hind-gut epithelium. 
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by a slight telescoping of the mid-gut into the hind-gut and thus 
leads to the formation of a space round the distal extremity of the 
mid-gut. Both the inner and outer walls of the valve consist of 
elongated, compactly placed and rather deeply staining epithelial 
cells like those of the mid-gut, but at the place where the outer 
wall of the pyloric; valve passes into the wall of the hind-gut, 
the nature of the epithelium changes considerably; here the 
epithelium consists of closely fitting narrow columnar cells lined 
with a very thin intima which is probably chitinous. The 
musculature of the gut just round the valve is remarkably ill- 
developed, there being no circular muscles in this region. 

Another peculiarity to be noticed in this region is, that 
opposite the point of entrance of each malpighian tubule, there 
is a definite pad ' on the inner wall of the pyloric valve. These 
pads as seen in the microphotograph (fig. 25, PI. 4) are oval in 
transverse section and more or less reticulate in structure. 

About 110 microns behind the pyloric valve, the circular 
muscles are very strongly developed (fig. 21, PI. 4) and, in fact, 
form a thick sphincter up to 80 microns in thickness. The 
epithelial c*ells are essentially similar to those at the junction of 
the pyloric valve and the hind-gut. Sometimes, however, the 
epithelium looks, in serial sections, like a syncytium rather than 
a cellular epithelium. All these changes which have been 
described in this ‘ transition zone ’ take place within a short 
length of about -35 mm. 

The accounts of this transition zone, specially those of the 
pyloric valve, given by the two workers on the same species, i.e. 
E. corrupta are surprisingly contradictory ; Potts (1927) writes, 

‘ No typical pyloric valve occurs in the gut of E. corrupta \ 
Burgess (1932), on the other hand, without expressly contradict¬ 
ing Potts, writes, ‘ The pyloric valve is very well-developed. 
Grossly it is a long structure placed in the tract in a manner 
similar to that of the “ sections ” in an orange. There are six 
of these sections and when viewed in cross-section they appear 
as six lobes extending into the lumen of the hind-intestine. These 
ridges occur in one form or another all along the proctodseum . . . 
The most prominent layer in the pyloric region is the layer of the 
circular muscles that is found outside the basement membrane. 
This layer of muscles is probably the most outstanding muscle 
layer in the whole of the alimentary canal.’ From this descrip¬ 
tion of the pyloric valve given by Burgess, there seems little 
doubt that Burgess has mistaken the sphincter lying behind the 
region of the actual valve for the valve itself. 

The hind-gut. —Structurally, the hind-gut differs from the 
mid-gut, firstly, in the re-appearance of the chitinous intima which 
characterizes the fore-gut, secondly, in the non-glandular but 
compact nature of its epithelial lining, thirdly, in the absence 


1 I have not seen such pads described elsewhere. 
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of the nidi, and fourthly, in the special development of the 
muscles in certain regions. These differences are described in 
detail below. 



Fic 14 T.S. through the ileum (anterior portion) : c w., rireulnr muscles ; 
ep., epithelium ; int.y iiitima , ?.w., longitudinal muscles. 

The ileum .—Posterior to the sphincter which extends about 
215 microns in length, the nature of the epitheliun> changes again. 
The cells assume the typical character of the hind-gut epithelium, 
which is thrown into six typical longitudinal folds (fig. 14), 
though sometimes a few additional invaginations are also 
observed. The cytoplasm of the cells is finely granular, unlike 
that of the cells of the mid-gut, where it is coursely granular. 



Fig. 15.—T.S. through the ileum (posterior portion) : /a«., fascia; m.L, 
malpighian tubules ; rest os in Fig. 14. 
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The nuclei are much better defined in their outline than those of 
the cells of the mid-gut ; the chromatin granules become bigger 
in size but lesser in number as we travel backwards ; the intima 
is fairly thick and chitinous. The musculature is moderately 
well-developed 

At the hind end of the ileum (fig. 16), the malpighian tubules 
enter the fascia and surround the wall of the gut The fascia 
in this region becomes quite distinct and forms an envelope over 
the malpighian tubules surrounding the gut. The epithelial 
folds become well-defined and compact, and m transverse 
sections some of them appear to he almost sessile buds with very 
short and narrow necks The musculature and the intima 
remain more or less unchanged 



Fia. 16.—T.S. through colon ; c.t,, connective tissue ; rest as in Fig. 19. 

The Cohn, —In the colon (fig. 16) the epithelial folds open 
out again and in transverse sections, appear as flat invaginations. 
The space within these folds are filled with a kind of hyaline 
connective tissue The intima becomes more compact and 

stains more deeply. In sections, the malpighian tubules sur¬ 
rounding the colon appear to be more numerous than in the 
posterior portion of the ileum ; this is duo not to a real increase 
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in their number but to their zig-zag course, on account of which 
they are cut several times in the same section. 


i Tn 



Islsl 


Fig. 17 —T.S through rectum : lettering an in Fig 14 

Th( rectum. —Structurally, the rectum (fig. 17) appears to 
be an elongated sphincter. The cell outlines are indistmct but 
the nuclei stain prominently, there being almost always only one 
big compact chromatin granule in each nucleus. The circular 
muscles are very well-developed and form a sphincter. 

4. Activity of the mid-gut epithelium. 

The remarkable peculiarities of the alimentary canal of 
E indicAi concern the activities of the mid-gut epithelium. The 
earliest classical work concerning these activities is that by 
Van Gehuchten (1890) on Piychopfera contaminata. He dis¬ 
tinguished two definite kinds of cells, secretory and absorbtive, 
in the ventricular epithelium of this fly. He concluded that the 
‘ globular protrusions ' found on the top of certain epithelial 
cells were secretory globules. He also mentioned that" some¬ 
times these globules carried the nuclei also with them. Most of 
the later workers till 1930 have taken Van Gehuchten’s conclu¬ 
sions for granted and have busied themselves in deciding whether 
the two kinds of cells distinguished by Van Gehuchten as 
secretory and absorbtive are the same or are different morpho¬ 
logical units. 
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During this period of nearly half a century, only Newcomer 
(1914) and Pavlovsky and Zarin (1922) seem to have deviated 
from the general conclusions enunciated by Van Gehuchten. 
Newcomer only suspected but Pavlovsky and Zarin definitely 
(concluded that the so-called secretory globules are mere arte¬ 
facts. H. Henson (1930), however, for the first time seriously 
(u)ntended that the ‘ so-called merocrine method of secretion of 
the gut cells may not be a secretion process at all *. He favours 
the alternative view that the formation of secretory vesicles is 
really a process of cell disintegration due to wear and tear or to 
the incidence of metamorphosis. Recent tendency is to favour 
\ Henson's contention. 1 do not propose to enter into the con¬ 
troversy as to whether the activities of the mid-gut epithelium 
are secretory or are of the natui*e of disintegration processes but 
I am confining myself to the relation between the different i)ro- 
cesses and also their effect on the visible structure of the epithelial 
(iclls. ' , 

Potts (1927) does not describe any particular mode of 
secretion in E. corrupta \ Burgess (1932) working on the same 
species describes the secretion as being of ‘ a modified holocrine 
type He says that ‘ the ends of the secreting cells ’ are con¬ 
stricted and pinched off as ‘ balls of digestive fluid ‘ In no 
case was the nucleus of the secreting cell found in the globule 
that was secreted.’ In E. indica on the other hand, the contents 
of the epithelium enter the lumen in the following ways :— 

(1) as non-nucleated vesicles, 

(2) as individual cells squeezed out in their entirety into 

the lumen ; 

(3) as delaminations of the portions of the gut e})ithelium : 

(4) as streams of nuclei from the nidi. 



• 5 mm. 

Fig. 18flr.- Portion of epithelium (T.S.) from the distal loop of the mid-gut 
showing the non-nucleated vesicles (n.v.). 
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(1) Non-nucleated vesicles ,—^This process (figs. 18a ; and 186, 
PJ. 4) has been observed by me only in the distal loop of the 
mid-gut. Clear vesicles full of some fluid bulge out from the top 
of the deeply staining club-shaped cells and either simply burst 
to let out the contents or are pinched off as small globules. This 
process is the ‘ merocrine ’ type of secretion of Haseman (1910)— 
a process which has been described by many workers on the 
alimentary canal ever since Van Gehuchten described it in 
Ptychoptera contaminata in 1890. 



• 5 Tnwi. 

Fig. 19a.—Portion of epithelium (T.S.) from the distal loop of the mid¬ 
gut showing the ‘ squeezing out * of individual colls (t.c.). 

(2) Squeezing out of individual cells .—In this process, the 
individual cells are simply squeezed out into the lumen. Here 
the cells gradually break up and get mixed up with the gut 
contents. This is the ‘ holocrine ’ type of secretion of Haseman 
and has also been described in several insects, as for example in 
the dragon-fly njntnphs by Needham (1897) and in Tabanus 
by Cragg (1920). I have observed this process in all its stages 
in the distal loop of the mid-gut (figs. 19a; and 196, PI. 4). 

(3) DelaminaiioTis of portions of the epithelium .—During 
this process, large portions of the epithelium are simply sloughed 
off into the lumen, leaving behind a few nidal nuclei, which after¬ 
wards regenerate the sloughed off* epithelium. The delamination 
of the mid-gut epithelium at the time of moulting has been 
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described by various investigators and it appears that it is a 
common occurrence amongst insect larva*, but in the adult 
insect, this phenomenon has been described only in a few water- 
l)eetle8. Haseman (1910) says that Frenzel (’85), Vangel (’86), 
Bizzozzero (’93) and Rengel (’97) have described epithelial 
degeneration and regeneration in adult water-beetles of the 
genera Hydrophilus, Hydrohius, Hydrous and Cyhister respec¬ 
tively. ‘ In these beetles the entire epithelium with its basal 
chitinous membrane is described as being cast off after each full 
feeding. The new epithelium is quickly developed from highly 
specialized regenerating centres or nidi.’ Wigglesworth (1929) 
writes in the case of the tse-tse fly, ‘ At times there is a con¬ 
siderable break down of the epithelium and this is regenerated 
subsequently ’. Burgess (1932) describes a ‘ curious splitting of 
the epithelium ’ in the anterior region of the mid-gut of the 
hibernating E corrupta and contends that it cannot be an 
excretory function as in the moulting Collembola described by 
Folsom and Welles (1906). Burgess regards it possibly as ‘a 
mechanism to keep the animal nourished during its hibernating 



Fig. 20a.—T.S. through the antenor portion of the proxunal lobe, showing 
the ‘ sloughed off epithelium (al.ep,) ’; n.n., nidal nuclei. 


i:»riod ’. In E. indica on the other hand, this process (fig. 20a), 
206 and 20c, PI. 4) is a common occurrence in the adult 
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feeding stage, and cannot be interpreted as in E, corrupta to be a 
nourishing ‘ mechanism ’ in the absence of normal food. 

(4) Streams of nidal nuclei ,—In this process (figs. 21 and 22a; 
226, PI. 4) the nuclei from a nidus enter the epithelial cells next 



Fig 21 —Portion of epitheluinri (L 8 ) from the anterior part of tlie provi 
mal lobe showing the extrusion of the nutloai material : n nt ^ 
nuclear material, rest of the lettering as in Fig 7 

to it and migrate towards the lumen through the length of tin 
epithelial otdls , on reaching the inner ends of the cells, tlit^ 
nuclei are either pinched off into the lumen as nucleated masses 
of cytoplasm or are poured out as nuclear material into the 
lumen through a definite, circular and comparatively large 
aperture on the inner border of each epithelial cell As clearly 
seen in the microphotograph (fig 226, PI. 4) the nuclei can bo 
followed in all the stages m their migration from the nidus to 
the lumen of the gut This process is met with in the anterior 
portion of the proximal lobe A process of this kind, so far as 
known to me has not been described in any other insect. 

Thus almost all the processes, by which the contents of the 
epithelium are discharged into the lumen in different insects, 
can be observed in the same series of sections in E indica Due 
to this co-existence of the different processes, it becomes easy 
to observe the gradation and also to interpret the relations 
between them. A careful study of tfiese processes renders it 
clear that all of them are really different phases of the same 
process. In the newly formed epithelium all the cells are more 
or less alike (fig. 9) and the nidi between them are either small 
and flat or are represented even by single interstitial cells (nt.). 
A little later the nidi grow to a bigger size and become more 
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convex in sha]ie, while the epithelial cells g(*t differoutiatocl into 
deeply staining (;lub-shaped cells and the lightly staining cells 



yiGi. 22a .— Portion of opitiiolium from tho antc*ri<.i’ rojjfion of tiie proximal 
lobo (T.S.) showing ‘ imcloar migration ' and throwing off of 
the nucleated masses of cytoplasm {n.c.). 


with broader bases. This differentiation of the epithelial cells 
is probably brought about by an increase of pressure at the bases 
of tho older cells caused by an addition of new cells from the 
nidi. /The greater affinity for stains exhibited by the club- 
shaped cells seems to be due to a larger accumulation within 
these (Jells of secretory or excretory products. Thus it would 
appear that the deeply staining club-shaped cells in E. indica 
differ from the faintly staining cells only in age. This leads us 
to the conclusion that the two kinds of the cells distinguished 
by Van (5ehuchten as secretory and absorbtive are the same 
cells at different stages of development. 

An examination of the gradations from the simple club- 
shaped cells to those capped with non-nucleated vesicles leads 
us to believe that the formation of these vesicles is a result of a 
further increase of pressure on the sides of the club-shaped cells 
caused by the same activities of the nidi as are responsible for 
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the club-shaped appearance of these cells. It appears equally 
probable that the second process referred to above, i.e. the 
squeezing out of the individual cells in their entirety is also a 
consequence of the continued increase in pressure on the cells 
even after the formation of vesi(;les. Thus the first two pro¬ 
cesses are simply the two phases of the same process. It is 
but natural to ('onclude that a gradual increase of pressure will 
squeeze out first the more fluid content of the cell and then the 
cell itself. It is, however, also possible that sometimes due to a 
sudden and quick increase in pressure, the first phase may be 
completely eliminated and the cells may directly enter the 
second phase. 

The gradation from the second to the third process, i.e. 
from the squeezing out of individual cells'to a delamination of 
epithelial portions is easily seen in the anterior region of the mid¬ 
gut. One can often observe that instead of the individual cells 
being squeezed out, large groups of cells are vigorously cut oft' 
into the lumen. It is easy to imagine that this process is 
merely a more vigorous and violent stage of the second process 
described above ; and from this process, one is easily led to a 
stage where both the first and the second processes are com¬ 
pletely eliminated and large portions of epithelium are simply 
sloughed off into the lumen. The fourth process, i.e. the migration 
of the nidal nuclei, is also a modification of the normal process 
of regeneration. The nidi instead of supplying well-defined cells, 
are supplying the nuclei only, the formation of separate masses 
of cytoplavsm and cell-separations being inaskecJ due to the 
extraordinarily vigorous activity of the nidi. All the same this 
process of sending streams of nuclei into the lumen throws some 
light over the disputed function of the nidi. Ordinarily the nidi 
have a regenerative role, but the streaming of their nuclei into 
the lumen of the mid-gut suggests a glandular function also. 
It may bo pointed out in this connection that the nidi have 
already been suspected to be glandular in several eases and have 
therefore been named ‘ drusen crypton ’ by several workers. 

5. Peritbophic membrane. 

The study of the sections through the mid-gut of E. indica 
also throws some light on the efficiency of the peritrophic mem¬ 
brane. The peritrophic membrane was not found by me in all 
the transverse sections of the mid-gut. The epithelial, cells 
discharged from the mid-gut epithelium are sometimes found 
mixed with the food material. Some longitudinal sections show 
shreds of peritrophic membrane which reveal a fenestrated 
structure (fig. 23, PI. 4). These observations point to the 
conclusion that the peritrophic membrane while present in the 
major part of the mid-gut does not form a complete partition 
between the products of the epithelium and the food material. 
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6. Functions of the (esophageal and pyloric valves. 

From the structure and position of the cesophAgeal and 
pyloric valves, one is led to conclude that the closure at these 
junctions is not effected by the valves themselves but by the 
sf)hincters, one lying in front of the oesophageal valve and the 
other behind the pyloric valve. These so-called valves ^ are 
not valves in the strict sense of the term, preventing the contents 
of the mid-gut from passing into the fore-gut and those of the 
hind-gut into the mid-gut. The following considerations seem 
to justify the above-mentioned conclusions :— 

Tf the oesophageal valve did really have a valvular action, 
the closure of the valve would be effected by a pressure of the 
contents of the gut round the valve between it and the wall of 
the mid-gut.^ Sucjh a pressure cannot be produced because, 
in the first place, the oesophageal valve is a well-developed double- 
walled structure strengthened by chitinous intima, while the 
wall of the mid-gut round the oesophageal valve is generally 
much weaker than the valve itself; if, therefore, the food exerts 
a pressure between the valve and the wall of the mid-gut, it is 
the latter that will bulge out rather than that the valve will 
be closed. Secondly, as the gastric cspca generally open in the 
annulus round the oesophageal valve, no pressure will bo exerted 
in this region, unless the gastric cspca are also filled with the 
gut-contonts and even then the gastric caeca will burst before the 
valve is pressed. Thirdly, if the closure between the fore- and 
the mid-guts were valvular, the secretion would be as much 
prevented from entering the fore-gut as the food-contents of the 
mid-gut from regurgitation ; but it has been already observed 
by previous workers and I have confirmed their observations 
that the secretory globules of the mid-gut actually do pass into 
the fore-gut. 

These considerations against the valvular action of the 
oesophageal valve are equally true in the case of the pyloric 
valve also. Jn place of the gastric caeca opening round the 
oesophageal valve, we have here the malpighian tubules opening 
round the pyloric valve. But, in the case of the j)yloric valve 
I have never se(m the contents of the hind-gut passing into the 
mid-gut. 

On these grounds, 1 think that the terms ‘ Oesophageal and 
Pyloric Valves ’ are unfortunate misnomers. The question still 

1 Wigglosworth (1930) while describing the formation of the peri- 
trophic, membrane in moso'iito larvsB makes the following remark :—* At 
this point the cesophagus is invaginated into the mid-gut to form the 
structure usually referred to as the ** opsophageal valve ”, an unfortimate 
term, that attributes to this part of the intestine a property which it 
does not possess, for the invagination acts not as a valve but as a sphincter.* 
Q.J.M.S. (1930); p. 594. 

2 Kawalevsky (1887) has also stated in the case of a muscid larva 
that no food enters the annulus round the nesophageal valve. 
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remains as to what their function or functions are, I believe 
that the functions of these valve-like folds are : firstly, to shut ^ 
off an annular space round the valves for the opening of the glands 
(gastric csDca and malpighian tubules), so that the openings of 
these glands are prevented from being clogged by the food- 
contents ; secondly, to act as a means of mechanical safety at the 
junction of two different parts of the gut. 

7. The malpighian titbi^les. 

The malpighian tubules are six in number. At their origin 
they are symmetrically placed and as already described, open 
separately at the anterior end of the annular space round the 
pylorjc valve. A little beyond their origin'they begin to surround 
the proximal lobe of the mid-gut and extend in the anterior 
direction on a very zig-zag and convoluted course, some reaching 
right up to the very base of the crop, whence they turn back to 
travel the same course along the proximal lobe, reaching again 
the level of their origin or in some cases even much posterior 
to that. Here they form two groups of three each and enter the 
fascia of the posterior region of the ileum. Beneath the fascia, 
they travel posteriorly, surrounding the colon mu(;h more inti¬ 
mately and in a much more convoluted manner than they do 
in the proximal lobe. 

Posteriorly the malpighian tubules end blindly at the 
junction of the rectum and the colon within the fascia. 

In a transverse section, a malpighian tubule ‘ onsists of two 
or three cells surrounding a central lumen. The size of the cells 
appears to depend on their physiological activity. At some places, 
the cells are quite plump and bulge inwards so as to obliterate 
the lumen ; at other places, the condition is reversed, i.e. the 
cells are contracted and the lumen is large. The cytoplasm of 
the cells is finely granular and shows a reticulate structure under 
the high power of the microscope. The nuclei are fairly large 
and well-defined, and stain deeply. Tlie inner borders of the 
cells are beset with well-developed cilia which can be clearly 
seen projecting into the lumen. 

If a slightly anaesthetized specimen is dissected in normal 
saline solution, the movement of the malpighian tubules can bo 
studied with great interest. In a fresh dissection, some portions 
of the malpighian tubules look quite transluctmt, while others 
are sometimes opaque white. These opaque white portions con¬ 
tain solid white excretory products collected together in flexible 
rods lying within the lumen of the tubules. At times it is 
interesting to see solid excretory rods being moved quickly in 
periodic jerks within the lumen. This movement is most 

1 This view has already been taken by Snodgrass (1935) in the case 
of the oesophageal valve. 
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probably oflToctpd by tlie cilia just described. This solid excretory 
material is often seen cut in transverse sections. The presence 
of calcium carbonate in the form of small granules or large 
calcospherites has been described by many writers in insect 
larvfc but in the adult insect, the presence of calcium carbonate 
has been observed only in Drosophila funebris by Eastham 
(11125); 1 have not found the condition observed in E, Indica 
described anywhere before. 

8. The salivary glanj)S.^ 

There is a ])air of salivary glands in E. indica (fig. 24). They 
are very fine tubular structures and consist of a chitmous tube 



Ki(3. 24. — PoHioii of salivary gland ono maxilla {mx.) and part, of 

labium {la.) : salivary duct. 

surrounded by a single layer of almost cubical cells. They open 
separately in th(» angles between the labium and the maxillae, 
beneath the sides of the hypopharynx. 


1 The credit of observ ing these glands for the first time in the family 
Corciiiellidtti goes to my friend Mr. R. L. Gupta. The American workers 
on K. corruptn hav'o not dtwribed the salivary glands at all but we have 
found them in all the species of Coccinellida* we have dissected. 

N.B.- Further investigations after sending this paper to the press 
reveal that these glands are not true salivary glands, homologous with 
the labial glands of a generalized insect. These glands are the maxillary 
glands. Besides'these there are other glands also which are true labial 
glands associated with the labium proper.—Pradhan (1937), Cur. 

May 1037. 
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9. Material and Technique. 

Specimens of E, indica are abundant in Liujknow during 
the months of August, September and the first half of October, 
when they can be (;olle(;ted in fields containing C'ucurbita(*eous 
plants, specially Cucumis melo var. utilissimus. For the present 
investigation, these insects were either brought fresh from the 
fields or were reared in the laboratory on ciu'umber leaves. 

The insects were anaesthetized in K('N tubes and wc^rc at 
once dissected in normal (*75%) saline solution. Different 
fixatives were tried but Bonin and C'arnoy were found to be 
most satisfactory. 

In cutting sections of tlie mid-gut and the hind-gut, simjdc 
embedding in paraffin wax was quite sufficient but in thc^ case of 
the fore-gut double embedding (celloidfn and paraffin wax) 
method was to be resorted to. 

The stains used were Delafield hsematoxylin, iron ha^ma- 
toxylin, and borax-carmin for the nuclei and eosin, indigo- 
carmin and orange O. for the cytoplasm. 

The drawings were made with the helj) of the camera lucida. 
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Explanations to Plate 4 


Fia. 23. - A Hhrod of tho peritrophie membrane from the L.S. of the mid- 
gut (mirrophotograph). 

Fto. 25.— T.S. (oblique) through the pyloric* valve : (miorophotograph) ; 

A.cp., hind-gut epithelium; ni.ep., mid-gut epithelium; pci., 
pad ; malpighian tubule. 


Fia. 2()/i.—T.S. through the anterior portion of tho proximal lobe showing 
tho shedding off of groups of oc 11s {nJ. ej>.) a transition liotweeii 
the ‘ acpioezing out ’ of individual c*olls and tho sloughing off 
of the epithelium : (miorophotograph). 

Fia. 20f.- T.S. through tho distal loop of the mid-gut showing the 
sloughed off epithelium (si, op.) within the himon : (mioro¬ 
photograph). 

Fra. 13ci.—'P.S. through the region of tho sjihinoter behind the valve; 

(miorophotogniph); c.m., oiroular muscles ; c^p., opitholiuni. 


Fig. 22/i.—P ortion of epithelium from the anterior region of tho proximal 
lobe (T.S.) showing the ‘ nuclear migration ’ and the throwing 
off of tho nucleated masses of cytoplasm : (miorophotograph); 
lettering as in Fig. 22Gr. 

Fig. 19/>.— T S. from the distal loop of tho mid-gut showing the squeezing 
out of individual cells (c.c.): (miorophotograph) ; /.c., food 
cylinder. 

Fig. 186.— Portion of epithelium (T.S.) from tho distal loop of tho mid-gut 
showing the non-nucleatod vesicles (n.v .); (miorophotograph). 
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Abnormalities in Fishes. 

By D. D. Mitkerji and K. Krishnan Nair. 

{Communicated by T)r S L Hora, and published by permtsmou 
of the Directory Zoological Survey of India.) 

1. On a Brown Trout (Salmo fario Linn.), showing eversion 
of stomach into the pharyngeal cavity. 

By D. D. Mitkerji.^ 

In January, 1936, the Zoological vSiirv(*v of India was 
informed hy the Divisional Forest OSi(*er, Kagan Forest Division, 
Hazara District, N.W.F.P., of the very high mortality of fry in 
the local brown trout hatcheries ; it was also stated that fishes 
over three years old die in fair numl)ers every now and then. 
To elucidate the cause of the mortality, the Divisional Forest 
Officer was requested to send properly preserved specimens of 
the fish and supply information regarding the ecological conditions 
under which the fish live. Unfortunately, no information was 
received cxce})t for ‘ a dead fish duly preservetl in a I>% solution 
of fonnalin whi(*h forms the basis of this note. Tins six^cimen 
is an adult male of Salmo fario Limi. with mature gonads, and 
is 15^ inches in total length. From its general a])pearance it 
seems to be a normal and healthy individual exhibiting no 
external abnormalities. A superficial examination of the 
sjx'cimen also revealed no appartml cause of death. On opening 
the pharymx of the specimen by cutting laterally through its 
left wall, a massive thumb-shaped stnudure, which at first 
sight appeared to be a large tumour or hernial sac, was, however, 
found lying in its cavity. A closer examination showed that 
this structure was formed as a result of the complete eversion 
and prolapsus of the proximal loop or the broad cardiac portion 
of the siphonal stomach into the pharyngeal cavity. The struc¬ 
tures immediately following, viz., the spleen, the distal loop or 
the pyloric portion of the stomach, the duodenum, the pyloric 
caeca, the fat-bodies and some portion of the intestine are, as a 
result, pulled forwards and inwards and drawn into the everted 
sac in front of the gullet which also is everted and forms the 
posterior end of the sac. In view of th^ peculiar disposition of 
the various organs a detailed account of these abnormalities is 

1 It may be noted that the author died before the paper was actually 
sent to the press, so the proofs were corrected by Dr. S. L. Hora.— 
Editor. 


( 157 ) 



158 D. D. MUKBBJI AND K. KRISHNAN NAIB [VOL. II, 

given below, and reference is also made to the probable mode of 
the ingestion of food in such abnormal specimens. 

Attention may here be directed to a more or less similar 
abnormality recorded by Mudge ^ in a specimen of the dog-fish, 
‘ Scylhum canicula ’ (-Caiulua caniculua). 



cdg., cut poition of lelt gills, dt , dopiossioii on 
tongu^ , ph w , pharyngeal wall , 8 , «»ac formed by 
evoision of proximal loop of stomach ; t , tongue 


Description .—The sac (text-fig. 1, s.) the outer wall of which 
represents, from behind forwards, a confluence of the everted 
iimer walls of the gullet and of the proximal loop of the stomach, 
extends horizontally over and beyond the tongue (/.). It is 
somewhat tough, smooth and swollen. The structure is elon¬ 
gated, slightly depressed and 80 mm. long, 30 mm. broad and 
20 mm. deep. It is broadly rounded anteriorly, deepest in the 
middle and rather constricted posteriorly, where it is lined by 
the pharyngeal wall (ph.w.). On cutting open the pouch 
laterally through its left wall (text-fig. 2, p.l.st.) past its attach- 


1 Mudge, Geo. P.— Proc. Zool. Soc, London, II, p. 490 (1905) ; ZooZ. 
Anz., XXX, pp. 278-280, 1 fig. (1906). 
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ment with the pharyngeal wall, the spleen (spl ), the distal loop 
of the stomach (diet), the duodenum {du ), the pyloric caeca 



Fig 1 —The sxc formed by e\ersion of stomach cut open laterally 
thn)ugh its left wall to show the dj-ipo’:»itioii of structures 
within it m situ &ame size 

h c , body cavil v , d I st distal loop of stomach 
du , duodenum, / 6 , fat bodies, gul , e\ ei ted gullet, 
tnt intestine hv , liver , pi '»t ^ ’ roxirnal loop 
of stomach , spl spleen , py c , pvlonc t Tca 



Fig. 3,—Ventral view of the sac showing the position of the in 
vaginated median groove and the associated labiate folds 
Same size 

gr , groove , Z /, left lateral fold , p /, posterior 
transverse fold , r /, right lateral fold 



im 
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(py.c.), the fat-bodies (f.b.) and a portion of the intestine (int.) 
are seen lying within the sac*. As a result of eversion, an orifice 
is formed at the posterior end of the sac which opens into the 
body cavit\ (b.c.). Through this orifice the intestine, which is 
obviously pulled forwards roughly by twice the length of the 
everted sac, passes out into the body cavity and is continued 
along its normal course to the anus. The rest of the digestive 
organs behind the everted gullet (gnl.) are normal, but the liver 
{liv,) is pulled forwards and comes to lie immediately behind the 
orifice 

A close examination of the outer surface of the seemingly 
c*losed everted sac revealed the existence, ventral to its anterior 
end (this position is indicated by an arrov in text-fig. 2), of a 
somc^what elongated (22 mm. in length), gaping slit or an 
iinaginated median groove (text-fig. 3, gr.) bordered by a 
number of fairly deep folds and furrows. Of these, the right 
(r.y.) and the loft (l.j.) lateral folds are thick, labiate and well 
defined The* posterior portion of the groove is partially roofed 
over by another broad sub(*rescentic, lip-like transverse fold 
(p./.). In its normal position the groove lies superimposed over 
the noimal dc'pression of the tongue (text-fig. 1, (Li.). On 
passing a probe into the groove it was found to lead into the 
distal loop of the stomach which extends to the anterior (*nd 
of the sac. Thus the groove appears as a ‘ pseudo ’-gullet. 
Ill viev of the* fact that the ])roximal loop of the stoma(‘h is 
turned inside out o\er the distal loop, an invaginated groove of 
this nature apjiears to have bcH'ii formc'd between and near the 
junction of the two loops. 

Bewarks. —The abnormalities observc'd by Mudge in the 
disposition of the lieno-gastric and the coediac arteries must, 
pvi se. lead to the conclusion that the evcTsion of the stomach 
in the dog-fish was ‘ permanent ’ and that ‘ at quite an early 
stage* of differentiation of the primitive gut, the proximal loop 
of the stomach probably became gradually evertecl.’ 

The poor condition of the abnormal trout under report did 
not permit a detailed study of the arteries that supply the stomach 
and the spleen and it is, therefore, not possible to state definitely 
whether it represents a permanent abnormality similar to that 
recorded b}^ Mudge, or a case of a suddcni eversion which might 
have caused the death of the fish.^ The c»ondition of the other 
structures described above is, however, very similar to tliat 
observed by Mudge in the abnormal dog-fish. 

Accepting Mudge’s observations and admitting that the 
* dog-fish must have li\ed with the inner surface of its stomach 

1 Dr. Hora iw, however, of the opinion that it represents a case of 
sudden eversion which caused the death of the fish through asphyxiation, 
for he believes that the abnormal dispocsition of the various organs 
described above is likely to interfere with the mechanism of normal 
respiration. 
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turned inside out and everted into the pharyngeal cavity 
the question of the course of food in the abnormal specimen 
has to be considered. Mudge noted that ‘ the animal was fully 
nourished and the ovary was of normal size and laden with large 
eggs . This naturally indicates that in spite of the critical 
nature of the abnormality, the dog-fish did not, as one would 
expect, suffer starvation and death, but continued to feed and 
was able to maintain its normal physiological balance. The 
true gullet of the dog-fish, as also of the abnormal trout, is, as 
a result of eversion and prolaj)sus, transformed into an inverted 
pocket in the buccal cavity. Passage of food through it is, 
therefore, a me(*hanical impossibility. The small ‘ slit-like 
aperture ’ or the invaginated groove towards the anterior end 
of the sac is the only passage or a sort of' pseudo '-gulk^t that 
leads into the distal loop of the stoma(‘h. Ingestion of food 
through a groove of this nature seems im])robablt‘, but solution 
of the problem must await further research on similar abnormal 
specimens. 

The specimen und(T report is preserved in tlie collection of 
the Zoological Survey of Fndia, Indian Museum, Calcutta. 


2. On a specimen of ASihtrtis eochinrhhivmlH Cuv and Val., 
showing eversion of stomach into the pharvngeal 
cavity. 

By K. Krisiinan Natr. 

In a small collection of fish made by Mr. V". P. Sondhi, 
Geologiccd Survey of India, from the Southern Shan States, 
Burma. Dr. S. L. Hora found a i^]wc\mexio^Siluriia coclimchhinnis 
CuvitT and A'ahMiciennes with a large tumour-like growth in the 
mouth. As Mr. I). I). Mukherji had recently studied a similar 
abnormality in a Brown Trout (Snlmo fario linn.), the specimen 
was given to him for a detailed report. On Mr. Mukherji’s 
death Dr. Hora v(*ry kindly handed over the specimen to me 
for study. 

[ take this o])])ortunity of recording my grateful thanks to 
Dr. Baini Prashad, Din^ctor, Zoological Survey of India, for 
affording me facilities for work and my great indebtedness to 
Dr. Hora for giving me an opportunity to report on such a 
rare abnormality and for his valuable suggestions. 

The specimen under report is 191 mm. in total length and 
in general appearance seems to be^ quite healthy. The 
abnormality was noticed on account of its mouth being widely 
open through which a massive thumb-shaped stnicture could 
be seen. The structure extended right up to the jaws (Fig. 4, 
ap.) so -that the mouth could not be closed even with some 
effort. When, however, the pharynx was cut open from the 
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broad, and 8 mm. deep. On a closer examination another small 
opening (Fig. 6, ao.) with sphincter-like muscles, was found 
on the left hand side of the sac at some distance from its anterior 
blind end. The intestine came out of the posterior opening of 
the sac behind which the liver (Fig. 6, I,) was also situated. 

On opening the sac from the side, duodenum, spleen, fat 
bodies, gall-bladder (Fig. 6, gb.) and a considerable length of 



flip., abnormal pouch ; gh., gall-blculder, m., intestine ; 
k.j kidney ; L, liver ; pd., pneumatic duct. 

the intestine were found lying inside the sac. The duodenum 
commenced from the small ai>erture already noticed on the 
outer side of the sac, and along with the intestine formed two 
incomplete loops inside the cavity of the sac. The pneumatic 
duct (Fig. 6, pd.) which cormects the oesophagus with the air- 
bladder, was also found inside the sac of the abnormal specimen. 

The abnormal positions of the various organa referred to 
above are similar to those described by Mudge ^ in a Dog-fish 
and by Mukerji in a Trout, and these have undoubtedly resulted 
from the eversion of the stomach into the cavity of the mouth. 
Mudge, from a detailed study of the vascular system, had con¬ 
cluded that the abnormality was of a permanent nature, whereas 
Mukerji, who had a poorly preserved specimen and could^not, 
therefore, study the vascular system, did not come to any 
definite conclusion on this point. It was, however, indicated 
by him that a fish possessing such an abnormality could not 

i Mudge, Geo. P.--Proc. ZooL Soc. London, II, p. 490 (1906) ; 
Zooh Anz., XXX, pp. 278-280, 1 fig. (1906). 



164 


ABNORMALITIES IN FISHES 


[VOL. TI, 1930] 


feed properly. The abnormal specimen of Silurua is also in a 
poor state of preservation so that the details of its vascular 
system could not be studied. From the nature of the structures 
described above I am also of the opinion that it is impossible for 
the fish to catch any prey or to ingest any kind of food, especially 
on account of the massive bag-like structure in the mouth which 
practically fills the whole of the cavity. 

Dr. Hora {vide Mukcrji) has already expressed an opinion 
that an abnormality of this nature is caused by a sudden eversion 
of the stomach which would cause the death of the fish through 
asphyxiation. This view seems more probable, for all the 
abnormal specimens of this nature known so far, have been found 
to be quite healthy in all other respects. 


[Early in May, 1937, Dr. H. S. Rao of the ZoolojE^ifal Survey of India 
kept iiiidei- shade in a rectanp:ular glass ar|uariiim of 5 gallons capacity 
about half a dozen young sj)e<‘imeiiK of live (Uossogoh'nis giuria (Ham.), 
which liad been taken from the Intake Chamber of ono of the filter-beds 
at the Pulta Waterworks, Cal<*utta. A few living specimens of Vtviparus 
hduialcnsiH had already been in tho aquarium since the previous day. A 
couple of hours after th<‘ intioduction of the' fish, he noticed the presence of 
a fragment of a ])artially digested fish at the bottom. A few minutes later 
a second fragment consisting of tho head portion of a fish was found, and 
on keeping a close watch he observed one of the OlosHogobim ojiening its 
mouth widely to thrust out th(‘ jiartially digested remains of another fish. 
At the end of 3 hours he found 5 such fragments, wliich he i-emoved from 
tho aejuarium, Aftei about 6 hours all tlie fish were found dead. 

The above observation shows that under certain unhealthy conditions 
the fish are capable of ejecting through the mouth tho contents of the 
stomach. It is quite possildo that sometimes this action may be so 
violent that the stomach may become everted into th(‘ cavity of the 
mouth. The abnoiTnalities nqiorted above by Mr. D. I). Mukerji and 
Mr. K K. Nair arc, in rny opinion, the result of t ho same or some ot her 
similar action of tlio stomach.— -S. L, 
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On earthworm populations and the formation of castings 
in Rangoon, Burma. 

By Hla Kyaw and G. E. Gatks. 

The observations presented herewith were made on the 
Jndson (College compound in the Kokint* quarter of Rangoon 
during the rainy season of 1935. 

Two sample plots, each exactly ten feet scpiare, about fifty 
feet apart, were marked off on an unshaded lawn. The soil in 
these plots is rather poor, all of the top soil have been removed 
in grading o])erations five years previously. The soil is lateritie, 
formed in situ from alluvial material under conditions of con¬ 
tinuous high temperature and marked seasonality of rainfall, the 
silica and bases having been leached out leaving in th(‘ u])per 
layer iron and alumina. The plots were covered by a coarse 
grass. 

On the 2r)th of July all castings were carefully removed from 
the })lots and (bscarded. From the western plot 50 Eufyphoeus 
foceatus castings were removed, nearly all of which w(*re open. 
From the east(u*n plot 37 E. foi^eatus castings w’('re removed. 
Some of these castings had been closed at the top or ]>lugged 
throughout. For twenty days the castings were colh^cted at 
irregular intervals during the daytime and alloweil to dry out in 
the laboiatory. Then, after the next heavy shower (so that the 
ground might be thoroughly soaked), a vermicide was applied 
to each plot. As the worms emerged they \vere collected, 
j)r(‘serv(‘d and later identified. The worms first to ap])ear, 
almost as soon as the vermicide was applied, were E. foveafus. 

Experimt'iitation ])reviously with vermi<*ides had shown 
that when the ground is thoroughly soaked prior to application 
of th(* chemicals practically all of the worms are stimulated to 
come out ()nt<^ the surface. At least digging, after application 
of the vermicides, has failed to turn up additional specimens. 
It is of course possible that some worms near the borders of the 
plots, having been slightly stimulated by the chemicals, with¬ 
draw into the untreated soil where they are able to remain in 
absence of further stimulation. No worms were seen to emerge 
on to the surface beyond an inch or two outside the boundaries 
of the plot. The number of specimen^ of E. foveatiis secured 
from each plot agrees roughly with the number of open castings 
secured from the })lot at the beginning of the period. In these 
circumstances it is probable that all of the larger six'cies of 
worms .from both plots were collected. Specimens of small 
size, similar to that of Dichogaster holaui or even smalltT, may 
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have been concealed from view by the matted leaf blades and 
stalks of grass, and hence lost. 


Earthworm Populations. 


From the first plot, that towards the west, 238 worms 
belonging to at least six species were collected. 


Species. 

Drmvida sp 
Drawida rara .. 

Pheretima plannta 
Pherethm campanulata . 
OcfochfTloides birmanicus. 
Evtyphoeus foveatua 
Dichognater holaui 

Dichogaater sp. 

Total 

From the second plot, that 
belonging to at least six species \ 


Number of specimens. 

1 juvenile 
1 aclitellate 
62 aclitellate 
27 aclitellate 
11 clitellate 
50 clitellate 
22 aclitellate 
45 clitellate 
19 juveniles 
238 

towards the east, 168 worms 
ere collected. 


Species. 

Megaacoler mavritii 


Octochcefoidea birmanicus 
Entyphofus foveatus 
Entyphoeua sp. 

Dichogaster holaui 
Dichogaster sp. 

Pontoacolex corethrurua .. 

Total 


Number of specimens, 

51 juvenile 
16 aclitellate 
30 clitellate 
11 clitellate 

23 clitellate 
1 juvenile 

24 clitellate 
11 juvenile 

1 juvenile 
.. 168 


Estimates of earthworm populations per acre, on the basis 
of the number of individuals in the sample plots are 103,672 
and 73,180 ; the average of the two estimates 88,426. These 
estimates may be compared with Hensen’s figures for the 
Lumbricidee (as quoted by Darwin, 1881, p. 159 of 53.767 per 
acre. 

Stephenson (1930, p. 627) believes that this figure is very 
small. However, it should be noted in connection with the 
Burmese estimates, that a number of the Rangoon species are 
fairly large, and that none, excepting only D. holaui, are really 
small. Thus strongly contracted, preserved specimens are 
frequently as large as indicated below. 


1 The page numbers are the same m the English and American 
editions. 
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Species. 

Length. 

Diameter. 

E. fovmtua 

250 mm. 

10 mm. 

M. mauritii 

.. 210 „ 

5 ,, 

0. birmanicus 

.. 140 „ 

6 „ 

P. planata 

.. 170 „ 

7 „ 

P. campanulata .. 

.. 200 „ 

7 „ 

P. coreihrurua 

.. 120 „ 

6 „ 

D. rara 

80 „ 

3 „ 

D. bolaui 

•• 40 „ 

2 „ 


Furthermore, a very considerable proportion of the worms 
obtained from the plots are full grown or nearly full grown 
though not necessarily clitellate while practically all of the 
juveniles were sufficiently developed to enable specific identifica¬ 
tion. Juvenile specimens of M, mauritii from the east plot are 
30-60 mm. long and 3-3 j mm. in diameter. Very young 
individuals if or when present might be expected to increase the 
numbers considerably. 


Castings. 

Two types of castings were collected from the sample plots 
during the twenty day period. One of these types, frequently 
referred to as tower-like is formed by Eutyphoeus foveatvs. 
Castings of the second type are deposited in the form of piles of 
faecal strings more or less completely constricted transversely to 
form nearly spheroidal ]:)ellet8. Castings of this typt‘ may 
possibly be formed at times by O, birmanietts though this species 
has not hitherto formed castings in the laboratory, whereas 
specimens of M. mauritii in the laboratory have formed castings 
practically identical with those collected on the plot. Further¬ 
more the pellet type of castings was found only on the plot 
containing M. mauritii whereas O. birwanicus was present in 
both plots. 

The castings from both plots were allowed to dry in the 
sunlight in the laboratory during four rainless months of the dry 
season and were then weighed. The total weight of dried castings 
from the west plot is 16*5 pounds. All of these castings are of 
the tower type and were formed by E. fovecUus, The total 
weight of the dried castings from the east plot is 11 pounds and 
15 ounces of which 11*5 pounds are of the tower type and were 
formed by E, foveatus, 7 ounces of the pellet type formed by 
M, mauritii. Castings were not collected on holidays or Sundays 
and heavy rains on those days as well^as on other days and 
during the nights certainly washed away numbers of castings 
for which no estimate is possible. Thus on nine mornings on 
making the first collection of the day, small remnants of tower¬ 
like C€i8tings that had been formed and washed away during the 
night were noted. 
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In Rangoon the year may be divided into two seasons 
according to the rainfall ; the rainy season comprising the 
months of May to October and the dry season comprising the 
months of November to April. The normal rainfall for May is 
11*98 inches, for dime to September, 15*27 to 21*42 inches per 
month, for October 6*91 inches. The normal rainfall for 
NovemlK'r is 2*79 inches, the other months of the dry season 
jmictically rainless. Towards the end of the rainy season, the 
ground begins to dry out as the result of the decrease in rainfall 
and increase in length of periods of sunshine and the earthworms 
begin to disapyx^ar, presumably retreating deep into the ground 
from whence they do not return to the surface until the next rainy 
season is well under way. Hence in monsoon portions of the 
tropics the formation of castings takes place only during a 
limited portion of the year. This period varies witliout doubt 
from year to year according to the weather. As it was impossible 
to carry on the observation on casting formation during the 
whole of the rainy season it is necessary, in order to derive esti¬ 
mates of peT annum formation of castings, to use an arbitrary 
I)eriod. This has been set at 100 days. This period does not 
comprise* the whole of the time in which castings are actually 
depositt'd, (('^asting formatioji has been noted in June, through¬ 
out Octob(‘r and rarely in November.) it should however be 
noted that in the early and later portions of the rainy season, 
castings are not formed as often or as commonly as in the 
remaindt'r of the period. We have further assumed that during 
the period of 100 days casting formation takes place at the 
same rate as during the August period of observations. If 
such an assumption is overconfident, it is at least partially 
compensated by the failure to secure all of the castings deposited 
during the tw('nty day period. 

With these (jualifications the estimates ot the amount of 
dry eartli d(*posited as castings are : as in the western plot, 
16*043 tons per acre (()i)en ground) j)er annum, all of which is 
brought uj) by one s])eci(‘s only, tJ. fovmfus ; as in the eastern 
plot, 11*606 tons per acre, of which 11*181 tons is brought up 
by E. foveatvs and 0-425 tons by M. maurilii. The average for 
the two plots, 13*824 tons per acre, the average for E. foveatus 
alone, 13-62 tons per acre. 

These figures are to be compared with Darwin’s estimates 
for the Lumbricidaa ; of 7*56 tons per acre per annum on a 
terrace (Darwin, p. 167), of 16-1 tons on a common (p. 168), 
and 18-12 tons in a field at the bottom of a valley. The last 
estimate is possibly too high as the castings were only })artially 
dried but on the other hand is baaed on a ‘ working period ’ of 
one half year which Darwin regarded as low. E. foveatus however 
in a period of 180 days would deposit 24-5 tons. 

Tons and acres are perhaps rather difficult to visualize. 
More easily comprehended is an estimate baaed on the sample 
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plot size. Thus, E. foveafvs, in a ten foot square plot, in one 
hundred days will bring up (as in the eastern plot) 57*5 pounds 
or (as in the western plot) 82-5 pounds. In the western plot 
each individual (of E. foveatus) must have brought to the surface 
during the twenty days an average dry weight of 0*33 pounds 
while in the eastern plot each individual must have brought to 
the surface, on an average, 0*5 pounds, during the same pi'riod. 
For a period of 100 days the averages for individual worms in 
the two plots are 1 -65 and 2*5 pounds, or an average (weighted) 
per individual for the two plots of 1*917 ]:)ounds. 

Summary. 

Estimates based on two sample plots ten feet square give 
an average figure of 88,426 earthworms per acre, belonging to 
eight sp(*cies. Of these only two (M. mauritii and E. foveatus) 
formed castings In one plot M. mauritii deposited seven 
ounces (dry weight) of castings in twenty days. In this same 
plot 23 speH'imens of E. foveatus deposited 11*5 pounds (dry 
weight) of castings in twenty days. In the other plot 50 E. 
foveatus deposited 16*5 pounds of castings, (lasting formation 
for a period of one hundred days is estimated at 11*608 tons per 
acre (open ground), as in one plot or 16*04 tons as in the other 
plot, or an average of 13*824 tons per acre per annum. One 
individual E.foiuatus is estimated (weighted average) to deposit 
1*917 pounds (dr> weight) of castings per annum. 

Kefkkknci:s 

Darrv’^in, C.— Earth^^oiins and the formatH)n of \ ogetable mould. Lomlon, 

18S1 Nev^ York, 1882. 

Slepheiihoii, J.—The Oligoehspta, Oxford, 1930. 


Addendum. 

During the rainy season of 1936 the Biology department of 
University College collected castings from a sample plot on the 
University College compound with the intention of ascertaining 
whether the problem was such as to justify further investigation. 
On learning of the previous work the collection of further castings 
was abandoned but the results already obtained were very 
kindly handed over by Prof. F. J. Meggitt, head of the department. 

The sample plot is only a short distance to the east of the 
Judson College plots but the elevation is about 20 feet above 
that of the others though the soil is the same. The plot was 
marked out by measuring 27 feet in each direction from a four 
year old tree, Mangifera indica Linn. As the tree is now about 
10 inches in diameter near the ground, the square marked off is 
somewhat greater than 18 yards in width though the plot is 
taken as measuring 54 feet on each side. An area nearly 16 
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feet in diameter is directly under the foliage of this tree while a 
circular area with a diameter of about 17 feet is shaded. 

On July 28 all castings were removed from the plot and 
discarded. On the 29th and each day thereafter until and 
including the 19th of August, except on Sundays, the castings 
were collected at some time between noon and two o'clock. 
On days of heavy rainfall, ‘ over half the castings were in such a 
condition that they could not be collected '. In a circular area 
extending 6 feet on all sides from the tree trunk no castings 
were found. External to this central area there is a circular 
belt about IJ feet wide under the foliage of the tree in which 
but few castings were found. Beyond this belt is another belt, 
about six inches wide and within the shade of the tree in which 
castings were more numerous though not as frequent as within 
the unshaded portion of the square. The castings collected 
are all tower-like and were formed by E. foveatus. No pellet¬ 
like castings were noticed. 

The (jastings were allowed to dry in the laboratory until 
December 22 and were then weighed, the total weight of the 
castings from the sample plot, 73*75 pounds. For a period of 
100 days it is estimated that in conditions similar to the sample 
plot 2,078 pounds per acre of dry earth would be deposited in the 
form of castings. 

On the Judson Coll<^g(5 compound, near Prome Road, is a 
grove of trees with such dense shade that the ground is bare or 
almost bare throughout the rains. This area was under observa¬ 
tion during the rainy season of 1936 and during that season no 
E.foveatus castings were found on the densely shaded bare ground, 
though E, pp.guanu8 castings were common and tower-like 
castings of certain species of Pheretima wei*e oc’casionally found. 
Towards the edge of the grove on ground where grass was growing, 
E, fw^mtus castings were occasionally found. On other parts of 
the college (jompound E.fm)eatm castings have not been found, 
or have been fdtind only rarely, on ground directly under trees, 
t.e., under the foliage, even though the lowest branches may be 
some distance from the ground. 

On open ground with thick cover of grass intermingled with 
much sensitive plant (waste land) in the vicinity of the college, 
the foveatus castings are often very closely crowded, apparently 
as closely as on the Judson College sample plots. 


Judfton College, 
Rangoon, 
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Common Diatoms of the Loktak Lake, Manipur, Assam. 

By Kaupada Biswas. 

Contributions towards the knowledge of the Diatom flora 
of the Indian Empire are rather scarce. Since the publi(‘ation 
of Dr. Nellie Carter’s ‘ Freshwater Algae from India in the 
Records of the Botanical Survey of India, vol. IX, No. 4, 1926, 
and the writer’s ‘ Census of Indian Algae—Scope of Algological 
Studies in India *, published in the Revue Algologique, Tom VI, 
Fas. 2,1932, no systematic attempt has been made towards reveal¬ 
ing the enormous Diatom flora of the vast country.^ Mr. Majid of 
the Punjab University notes forty-two 8j)ecies from the Punjab 
in his paper entitled ‘ A short note on the occurrence and the 
distribution of Diatoms in the Punjab ’, published in the Journal 
and Proceedings of the Asiatic Society of Bengal (new series), 
vol. xxix. No. 4, 1933. But the nomenclature he uses indic’ates 
that he has been working under the difficulty of not having 
sufficient literature. Such a difficulty confronts many a Diatom 
enthusiast in this country and the writer himself was not less 
handicapped for want of sufficient literature and type slides. 

During the last twelve years 1 have managed to procure fliirly 
exhaustive literature, and added these to the rare old standard 
works on this branch of algology preserved in the Jd)rarv of the 
Royal Botanic Garden, Calcutta. The writer is also in possession 
of the valuable microscopic slides of the authentic species repre¬ 
senting most of the genera of these silicified members of Algie. 
These rare slides have been received from my revered teacher, 
the late Professor Paul Brtihl, wlio purchased this collection 
from one of the German Diatom specialists. The writer ac¬ 
knowledges his deep debt of gratitude to his teacher by this pai>er. 
In the study of Diatoms two main difficulties are generally 
experienced—namely accurate determination of the specimens 
and the correct nomenclature to l)e adopted. Ac*curate 
identification of Diatoms depends upon sufficient material, 
upon detailed examination of as many forms as are available, 
both empty as well as living frustules, upon accurate detailed 
measurements and camera lucida drawings of the different views. 
It is necessary also to observe the number of markings,., and 
to make comparison with authentic specimens. Some of the 
well known books such as Oltmann, Karsten, Fritsch, Smith, 


1 My account of the two interesting species of Diatoms in my paper 
on * the Association of Alga? and Animals * published in the Hedwigia, 
Heft 3, H and 70, 1935 is the last reference to this fascinating group of 
unicellular plants. 
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are useful for generic diagnosis. But a Diatomist must not 
fail to consult Kuetzing’s Phyeologicte Algarum (Biatomacese) 
and the detailed specific descriptions in De-Toni's Sylloge 
Algarum, Bacillariese, Sect. 1-111, 1891-1894; Van Heurck’s 
Synopsis des DiatomeAs de Belgique including his Atlas, 1880- 
1881 ; Wolle's Diatoms of the U.S.A. ; Smith’s British 
Diatomaceae, vols. 1-11, 1853-1856; Schonfeldt and Hustedt’s 
Contributions to Diatom flora in Pascher’s Susswasser flora, 
Deutschlands, ()sterrei(‘hs und der Schweiz ; Hustedt’s book in 
Silicophyta. As regards nomenclature this has become simplified 
by the publication of the recent outstanding works of Mill’s 
Index to the names of Diatoms—^a work indispensable to every 
Diatomist. To an Indian worker the lists appended to my paper 
on Bacillariophyta—reporting the previously recorded species 
together with the literature and a list of sy)e(‘ies which are likely 
to occur in India, might prove useful. 

The specimens dealt with in this paper are found mixed with 
other Alga? collected by Dr. S. L. Hora and tiie late Dr. N. 
Aimandale, F.R.S., from the Loktak Lake, Manipur in 1920. 
The geographical and physiographical features of the Loktak 
Lake are discussed in tlie Monograph ‘ Algte of tJie Loktak 
Lake ’, written in collaboration with the late Professor Paul 
BrOhl, and pul)lished in the Memoirs of the then Asiatic Society 
of Bengal—now Royal Asiatic Society of Bengal, vol. viii, 
No. 5, pp. 257-316, with 22 plates and 170 figures, 1926. The 
specimtuis were preserved in spirits of wine for three years and 
subsequently transferred to 5% Formalin Alcohol (i.e. 5 c.c. of 
commercial Formalin and 95 c.c‘. Alcohol). This transference 
hardly improved their condition. The inner contents were 
nearly all destroyed as the figures illustrate. But empty shells 
were quite clear and this aided their determination. The type 
of vegetation in the Loktak Lake is particularly suitable for 
harbouring a Diatom flora and unicellular and colonial members 
of Hydro-tlietyacese. Although the Dosmid flora was excep¬ 
tionally ri(’h, Diatom species seem to be far fewer than would 
be expected in such a place. The congestion of vegetation, 
loading to the physico-chemical condition of the water, prevented 
many free living and free floating species of Diatoms from 
flourishing. The abundance of Gomphonema species and other 
stalked and epiphytic species are of common occurrence in such 
areas. The fauna of the lake—^particularly fishes and cnistacea— 
is subservient to the particular type of aquatic Phanerogams 
and Cryptogams predominant. Also when the writer visited 
the lake in 1930 species of Synendra and Gomphonema appeared 
to be dominant. But further scrutiny of my collection provides 
a few more species to those already studied. 

Both the Diatom flora as well as the Desmid flora of this 
region has some importance from the standpoint of distribution 
as the outlying district of Assam is close to Upper Burma. 
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Whether the Algal flora of this part of the country represents 
more of an Assamese element or a Burmese element—^is a point 
which cannot be settled owing to our present imperfect knowledge 
of the algal flora of these two regions. But from the data so 
far available it can be stated that the algal flora, not unlike 
those of Phanerogams, is—^in general—^Malayan. 

In systematic enumeration of the species short description 
has been added to each mentioned. Such a description has been 
supplemented wherever necessary with notes on nomenclature, 
particularly in cases of those specific names which demand 
clarification. 

I express my sincere thanks to Sir William Wright Smith, 
Regius Keei)er, Royal Botanic Garden, Edinburgh, for his kindly 
placing at my disposal all the available literature and thus 
enabling me to scrutinize the results of my study of these 
Diatoms. 1 am also indebted to Mr. R. Ross, Diatomist, British 
Museum (Natural History), London, lor his co-operation in 
checking my determination with reference to the type slides. 


Diagnosis of the Species. 

1. Synedra ulna (Nitzsch) Ehrnberg. 

Erustules occurring in small fasci(‘les or solitary mixed 
with other algae, attached to submerged waterplants, or free- 
floating, very variable in dimensions, 150 to 450/Lt long, linear 
lanceolate, truncate, somewhat rostrate at both ends in girdle 
view, obtusely rounded in valve view, striations distinct, 9-10 
in 10/Lt. 

Hab. Loktak Lake, Manipur, collected by N. Annandale and 
S. L. Hora, 1920, ver\ common. 

2. Synedra affinis Kutz. var. fasciculaia (Kuetzing) v. Heurck. 

Frustules occurring in fascicles, rarely solitary mixed with 
other algee, attached to submerged plants or free floating, some¬ 
times forming predominating species of plankton flora, valve 
view small lanceolate, narrowly fusiform, rounded or slightly 
thickened at both ends, obtuse or acute at the apices, girdle 
view linear, 37/i, long, broad at the middle, 3p wide at the 
apices, 20-25 striations in lOp. 

Hab. Loktak Lake, Manipur, collected by N. Annandale and 
S. L. Hora, 1920, common. , 

The Loktak form is more obtuse at the apices and its 
systematic position is intermediate between the var. fasciculata 
and the var. obtusa. It approaches in shape more to var. obfuaa 
as figured in Amott’s manuscript and printed in Synopsis des 
Diatome^s de Belgique Par la Dr. Henri Van Heurck, Atlas 
PI. XLI, fig. 12, (1880-1881). 
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3. Eunotia lunaris (Ehrenberg) Grunow. 

Frustules long, arcuate, narrow in valve view, somewhat 
rostrate-capitate at both ends, in girdle view narrowly rectangular 
with truncate apices, 20 to 150 /a long, 3-4/Lt broad, 14-17 
striations in lO/i. 

Hab. Loktak Lake, Manipur, collected by N. Annandale and 
S. L. Hora, 1920, not very common. 

The species is nearly always at first epiphytic, afterwards 
when dislodged—it is free-floating. Owing to its epiphytic 
nature being dominant Van Heurck puts this species in his key 
under the section ‘ an frustules parasites sur d’ autres plantes 
Schdnfeldt in Pascher’s Stisswassr flora (Bacillariales). Heft 10, 
1913, accepts Grunow’s new combination Pseudoeunotia lunaris 
(Ehrenberg) Grunow, and places this species under the subgenus 
Pseudo-eunotia retaining however the original name Eunotia 
lunaris Ehrenberg. De Toni in his Sylloge Algarum, vol. 11, 
1891, follows Grunow’s nomenclature and describes this species 
under the name Pseudo-eunotia lunaris (Ehr.) Grun. The 
oldest name is Synedra lunaris Ehrenberg Abh. Berb. Akad. 
1S31. Grunow subsequently transferred the genus rightly to 
Eunotia. Van Heurck is therefore justified in adopting the 
combination— Eunotia lunaris (Ehrenberg) Grunow—^which is 
consistent with the rules of nomenclature. The writer maintains 
Van Heurck’s combination. Karsten in Engler’s Die Natiirliehen 
Pflanzenfamilien, Band 2, Bacillariophyta 1928, does not seem 
to accept Grunow’s view. Karsten reduces this genus Pseudo- 
eunotia to Amphlcampa Ehrenberg. F. W. Mills in ‘ An Index 
to the genera and species of the Diatomaceee p. 687, 1934, 
also adopts the combination Eunotia lunaris (Ehn.) Grun. 

4. Mastogloia Meleagris (Kuetzing) Grunow. 

Frustules lanceolate, elliptic, gradually attenuated towards 
sub-obtuse or obtuse apices, imperceptively constricted at the 
poles, 36 to 57/x long, 12 to 15p, broad at the middle, 6/x broad 
at the apices, 10 striations in lOp, 

Hab. Loktak Lake, Manipur, collected by N. Annandale and 

5. L. Hora, not common. 

The occurrence of this species in fresh-water lake is rather 
unusual. It is noteworthy to record this species from a lake 
like that of the Loktak lake, for the first time from India. 
Leuduger-Fortmorel reported its occurrence in the island of 
Ceylon. The lesser number of striations observed in the Loktak 
form may be due to physico-chemical nature of the water of 
the lake. 

5. Gomphonema constrictum Ehrenberg. 

Frustules in valve view cuneate, inflated at the middle, 
rounded at the upper end, obtuse at the lower, more or less 
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constricted towards the upper extremity, attenuated below, 4 /a 
broad at the narrow base ; girdle view conical, obtuse at the 
base, gradually uniformly wider at the apices, mucilage stalks 
long, 3/a wide, hyaline, dichotomously branched, often bearing 
at the apex a pair of frustules, 45/a long, 15~18/a broad. 

Hab. Loktak Lake, Manipur, collected by N. Annandale and 
S. L. Hora, 1920, very common—attached to submerged plants. 

■6. Gk>mphonema acuminatum Ehrenberg, var. elongata W. 
Smith. 

Frustules in valve view elongate, cuneate, gradually 
attenuated below, slightly swollen at the middle, not con¬ 
stricted towards the upper extremity, somewhat apiculate above, 
girdle view cuneate, constriction obovate, 90/a long, 18/a broad, 
9-10 striations in 10/a. 

Hab. Loktak Lake, Manipur, collected by N. Annandale and 
S. L. Hora, 1920, rather common. 

7. Gomphonema olivaceum (Lyngbye) Kuetzing. 

Frustules lanceolate, attenuated at both ends, apex rounded, 
base acute, 2-3/a wide, girdle view cuneate, 36 to 45/a long, 3~9/a 
broad, 10-15 striations in 10/a. 

Hab. Loktak Lake, Manipur, collected by N. Annandale and 
S. L. Hora, not very common. 

8. Epithema Zebra (Ehrenberg) Kuetzing. 

Frustule in valve view arched, attenuated ^t both the 
extremities, obtusely rounded at both ends ; girdle view rec¬ 
tangular, truncate at the apices, 30 to 51/a long, 9 to 15/a broad, 
4 rather robust striations in 12/a. 

Hab. Loktak Lake, Manipur, collected by N. Annandale and 
S. L. Hora, not common. 

9. Rhopalodia gibba (Ehrenberg) O. Muller. 

Frustule in valve view linear, slightly inflated at the middle, 
rounded at both ends ; girdle view linear obtuse, 70 to 80/a 
long, 20-24/a broad, 15/a wide at both extremities, markings 
robust, 12 to 15 in 10/a. 

Hab. Loktak Lake, Manipur, collected by N. Annandale and 
S. L. Hora, not common. 

Boyal Botanic Garden, Edinburgh. 

23rd November, 1936. 



Explanation to Plate 5. 

Fig. L—Oomphonema olivaceum: (a) valve view, (6) girdle view x900, 
„ 2.—Rhopalodia gibba, valve view x 600. 

„ 3.— Epithemia Zebra: (a) valve view, (6) girdle view x 500. 

„ 4.—Gomphonema acuminatum var. elongate : (a) valve view, (b) 
girdle view X 350. 

„ 5.— Gomphonema constrictum: (a) valve view, (6) girdle view x 350. 
„ 6.—Synedra affinis var, faseiculata x 800, 

„ 7,—Mastogloia Meleagris x 225. 

„ 8.—Synedra ulna : (a) valve view, (b) girdle view X 500. 

„ 9.—Ennotia lunaris : (n) valve view, (b) girdle view x 600. 
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iNTBOBtrOTION. 

At intervals during the last fifteen years, 1918 to 1933, 
we have been collecting the fish of the rivers, streams and ponds 
in the hills and plains of the Darjeeling District and the adjoining 
Duars. Having found many more specibs than were previously 
known in this area, we have made a list of them and now publish 
it witib notes and keys that may help others to identify them. 

Broadly our area extends over the whole of the Darjeeling 
and Jalpaiguri civil districts, though we have not thoroughly 
explored the tanks of the southern part nor the highest of the 
hill-streams. We have included in our list species that we have 
opfy found on sale in bazaars, but these we have shown in brackets 
as '; 9 Sany of them are brought by rail and may not occur natursklly 
in the Strict. We have also included a few fish which we have 
not ourselves found in the area but which, have been reliably 
recorded from it. We discovered only one hew species which 
we named CRyptofhorax horai after Dr. Hora, and t^e account 
of which was published in the Journal of the Bombay Natural 
History Society (vol. XXXIX, p. 188,1937). 

Names {uive been check^ in all oases by reference to 
specimens in the Indian Museum and wc have to eaqpiess our 
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gratitude to the staflf of the Zoological Survey, especially to 
Dr. S. L. Hora, and his assistant, the late Mr. Dev Dev Mukerji, 
for the help they have given us. We have also to thank the staff 
of the Ksh Section of the British Museum of Natural History 
for permission to examine their collection and especially Mr. J. R. 
Norman who has helped us with his advice. 

Books consulted have been Day’s ‘ Fishes of India Day’s 
volumes on fishes in the ‘ Fauna of British India ’ series,* j^^rds 
of the Indian Museum’ and ‘Journal of the Asiatic Society 
of Bengal.* 

The fin-formulsB and abbreviations used are Day’s and 
are explained on p. 3. In accordance with the British Museum 
usage we have called the hinder paired fins * pelvics ’ and have 
substituted this word for * ventrals ’ in our quotations from Day, 
but we have retained the abbreviation* V ’ for these fins in the 
formulae. The only symbol not used by Day that we have 
introduced are brackets enclosing the scientific names of those 
species which we have only obtained in bazaars and may not 
be indigenous to our area. 

The text figures are reproductions from Day’s * Fishes 
of India * Records of the Indian Museum ’, and * Journal of 
Asiatic Society of Bengal ’; a few are from our own sketches. 
We have made use of the best representation known to us of each 
species. The photographs are our own. 

The area is a particularly interesting one. A Bengali 
proverb says * Where water, there fish ’ and, as in all warm, wet 
countries, there is little water that does not hold them. 
Himalayan torrents, the large rivers, clear, gravelly jrnigle 
streams and muddy ponds each have their own fish populations 
adapting themselves to varied conditions. A hill stream, 
often only a few isolated rock-basins in the dry season, is one 
continuous cataract in the rains, and fish must fiatten themselves 
and stick to the bottom as best they can, or be swept away. 
Many have adapted themselves beautifully to this end. In the 
darkness of muddy water feelers are better than eyes and many, 
the Cat-fishes in particular, have turned this to their advantage. 

The borrow-pits, from which earth is dug to raise the level 
of roads, look unlikely enough spots for aquatic life in March, 
when whatever caked mud may remain at the bottom is covered 
in powdery wayside dust; nevertheless, within a few days 
of the burst of the monsoon, they teem with tiny fish, newly 
hatched offspring, no doubt, of parents that were scooped out 
by hordes of m^dy children as the pits dried up four or five 
months earlier. One might expect only mud-dwellers to inhabit 
these borrow-pits but the majority of the fish in them are beauti¬ 
ful, even gorgeous, members of such silvery genera as BarhuSy 
Barilius and Danio. 

Our collection has been divided between the Indian Museum, 
Calcutta and the Darjeeling Natural History Museum. 
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EXPLANAHOK of PBINOIPAL TERMS ASD ABBREVIATIOKS 
USED IN THE TEXT. 

Dorsal (fin)» * Bn ' omitted when the meaning is clear. 

Pa> Pectorals *> * Paired * homologous with the fore 

V:*tpelvios (or Ventrals) ) and hind limbs of other vertebrates. 

AB>Anal 

CaiOaudal—^in common parlance the * tail *, a term here reserved 
for the part of the body between the vent and the base of Caudal. 

The Adipose dorsal or Adipose fin has no rays. It is present 
in many of the Cat-fishes (also in trout and salmon). 

FormtUce for fins :—^Figures refer to the number of rays. 
Two figures separated by a hyphen (-) denote the limits between 
which the number may vary. An oblique stroke (/) separates 
two types of rays in one fin, such as undivided or entire from 
divid^ or branched rays. A vertical stroke ( | ) separates 



Text -FIG. 1.—Lateral view of a Siluroid fish, Myatua vittatua (Bloch) 
labelled to show certain parts of body. 


different fins, such as the Dorsal from the Adipose dorsal in 
Cat-fishes, or the Spiny from the Articulated Dorsal in Perches. 

The formula for the Dorsals in the upper figure would be:— 
D 2/7 I 0, t.e., 2 undivided and 7 branch^ rays in the Dorsal; 
the ‘ 0 ’ representing the rayless Adipose dorsal. 

The formula for the Dorsals in text-figure 2 would be 
D 13 I 11, t.e., 13 rays m the Spiny and 11 mthe Articulated 
Dorsal. 

The Lateral Line (L.l.) is a row of perforated scales running 
from the angle of the gill-opening to the base of the Caudal 
in most scal^ fishes. It may be absent, incomplete or inter¬ 
rupted. t 

Scales :—^These are ordinarily counted alcmg the lateral 
line, where there is one, the number being shown by a figure 
following the letters L. 1. Where there is no lateral line they 
are counted along the lateral row of the scales where the lateral 
line would ordinarily be and shown after the letters L.r. Anothw 
count that is sometimes made is the number of transverse rowB 
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of scales between back and belly. It is counted from the base 
of the Dorsal to the lateral line and again from the lateral line 



TBXT-Fia. 2. —Lateral view of a scaly fish, Nandua nandua (Hamilton), 
labelled to show certain parts of body. 


to the point of insertion of the Pelvics. The number is shown 
after the letters L. tr. 

The L. 1. (or L. r.) figures are an indication of the compara¬ 
tive size of the scales and a comparison between this figure 
and the L. tr. count gives an idea of the depth of the body. 

Barbels: —^These are named after the part from which 
they spring:— Nasal from the region of the nostrils^ Bosfyral 
from the snout, Maxillary from the upper jaw and Mandibular 
from the lower jaw. 

List of Pishbs. 

The general classification of fishes adopted in the list is that 
proposed by Dr. C. Tate Regan, F.R.S., in his article on * Fishes ’ 
in the Fourteenth Edition of the Encyclopcsdia BrUawnica (1929). 
The genera under their respective fanulies and the species under 
each genus are alphabetically arranged. Page references to the 
descriptions of the species are also given. 

Page 

Class: PISCES. 

Sub class ; NBOPTERYan. 

Order; Isospondyli. 

Sub-order: CLUPEOIDEA, 

Family: dupelte. 

1. Qaduaia chapra (Ham.) ., •« 12 

2. HUaa iliaha (Ham.) .. .. 13 

Family: DorosomidSB* 

3. GonuUoaa mannUnna (Ham.) 


14 
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Family: Bagraulidie. 

4. JBngraidia telara (Ham.) 

Sub-oider: NOTOPTSBOIDSA. 

Family: Notopteridm. 

5. NotopUma ohiiala (Ham.) 

6. NotopUfua notoptema (Pallas) 

Order: Ostabiofhysi. 

Suborder: OYPBINOIDEA. 

Family: Gyprinidm. 

Sub-family: Abramidinn. 

7. Ohela hacaUa Ham. 

8. Laubuoa laubuca (Ham.) 

Sub-family: BasborinsB. 

9. BarUiua harUa Ham. 

10. BarUiua hama Ham. 

11. BarUim handeUaia var. chedra Ham. 

12. BairUiiua {Baiamaa) bola Ham. 

18. BarUiua ahaora Ham. .. 

14. BarUiua tUeo Ham. 

15. BarUiua va^a Ham. 

16. DarUo caqui^nnatua (McClelland) .. 

17. Danio dangila Ham. 

18. Danio devario Mam* 

10. Danio {Bra d h p da m o) rerio Ham. 

20. Eaomua danrioua (Ham.) 

21. Baaibora danioomua (Ham.) 

22. Baabora aUinga (Ham.) .. 

Sub-family: Qyprininsd. 

23. AnMypharyngodon mola (Ham.) 

24. AapidUfparia jaya {^ELam.) 

25. Aapidoparia morar (Ham.) 

26. Barbua {OyclocheUMUhya) apogon (C. & V.) 

27. Barbua ohagurUo (Ham.) 

28. Barbua oonohoniua (Ham.) 

29. Barbua (lAaaochailua) dukai Day 

30. Barbua phutunio (H^.) 

31. Barbua putitora (Ham.) 

32. Barbua aarana (Ham.) .. 

33. Barbua aHgma (C. A V.) 

34. Barbua Ucto (Ham.) 

35. Barbua UUua (Ham.) 

36. OaUa oaUa (Ham.) 

37. Oirrhina mrigala (Ham.) 

38. Oirrhina reba (Ham.) 

39. OroaaooheUua latia (Ham.) 

40. Oarra cmnandalei Hora ^ * 
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Identification Table for principal qroups. 

The list on pp. 4-8 shows the Order, Sub-order, Family^ 
Sub-family, and (^nus to which each species belongs. Tli^ 
gives the true scientific relationship of one to another. For 
the keys, however, we have taken as our units groups of g^era 
of any denomination that suited our purpose; thus the OAT- 
FISHES correspond to a sub-order, whereas the IfUBBELS 
correspond only to a genus. It was to avoid any confusioti 
that might arise from the unequal status of these * groups ’ 
that we called them by English names. A comparison between 
the position of the various genera in the list above with their 
treatment in the groups given below will make this clearer. 

The first step in identifying a fish with our keys is to deter¬ 
mine to which group it belongs and the key which follows is 
designed with this object. 


A. Fish sxbikinolt abkobhai* zh shape. . 

Very squat even when deflated; when inflated it becomes a ball with 
only tail and flns projecting 

The GL0B3B:-FI8H, Group XII, p. 124. 

Jaws prolonged into a beak 

The GAB-FISH, Group Vm, p. 108. 
Very slender, needy stzeil^t, with the head of a sea-horse 

The PIPE-FISH, Group IX, p. 109,. 



1937] 


XHB nSHXS or NOBTHBBK BBirOAI< 


9 


Eel-iltaped 

Snout long And tapering .. The SPINY EELS, Grow XIIl, p. 126. 
Only one fin (the Dorsal) .. The MUD EEL, Group XIV, p. 128. 

Nhit.—We have inoluded the Featiber-baoks among normally-shaped 
fiahft in roite of their * tailless ’ appearance. Some of the Cat-Sshes, 
too, are aunost grotesque enough to be called abnormal, but there it 
no partioular feature common to all. 

B. Fish ookpaHativbly kohhai. ik shapb. 

(а) Two Rayed Dorsal Fins, 

BodUs on body and hsad (in Amhassis scales easily rub off) 

PISH WITH PEROH-UKE DORSALS, Group X, p. 109. 

(б) One Rayed Dorsal Fin, 

An adipose fin behind the rayed dorsal, socdeless 

Some CAT-FISHES, Group VII, p. 79. 

No adipose fin 

BofMess, barbels at least as long as head. Anal long (29 rays or more) 
Remainder of CAT-FISHES, Group VII, p. 79. 
MimUe scales embedded in skin, longest barbels shorter than head. 
Anal short (about 7 rays) 

The LOACHES, Group VI, key p. 63. 

Ovsrlapping scales 

Seales on head, which is snake-like, as well as body 

The MURRELS, Group XI, key p. 118. 

No scales on head 

General colour brownish, not metallic 
Scales small (L. 1. 98-190) and not very evident especially 
below L. 1., base of Anal and vent enclosed in sheath of 
tile-like sccdes ; rather trout-like 

The SNOW-TROUT, Group III, p. 17. 
Scales Icuger (L. 1. 35-70} 

The CARPS WITHOUT LARGE SWIM-BLADDERS, 

Group V, p. 60. 

General colour metalUc 
Silvery, abdominal edge sharp and serrated 

The HERRINGS, Group I, p. 12. 
Silvery, abdominal edge fringed by Anal fin which united 
with small Caudal to make tail-end taper to a point and 
fiah appear * tailless * 

The FEATHER-BACKS, Group II, p. 15. 
Silvery or leaden, abdominal edge rounded or sharp but not 
serraled 

The CARPS, Group IV, key p. 18. 

Short descriptions of principal groups. 

Group 1. The HEBBINOS: Oorresponding to the family 
OLUPEIDA}; 4 genera of one species each included in our 
list. Probably none of them are found in our area except for 
sale in bazaars. 

Oharaetere :—The whole body, but not the head, ooveied 
wiSi overlapping scales; general colour silveiy; a single dorsal, 
no adipose fid and no barbels. The outstanding feature is the 
diaip and serrated edge of the abdomen. 
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Group II. The FEATHER-BACK8 : Corresponding to the 
family NOTOPTERID 2 E; one genus of which two species 
are included in our list. 

CAomctersThe whole body, but not the head, covered 
with overlapping scales; general colour silvery; a single, very 
small dorsal, no adipose fin and no barbels. The outstand¬ 
ing feature is the way in which the long Anal, uniting with 
the small Caudal, makes the tail end taper to a point and the 
fish appear ‘ tailless p, 16. 

Group III. The 8N0W-TR0VT \ Corresponding to the 
sub-family SCHIZOTHORACIN.®; 2 genera of one species 
each are included in our list. They live in hill streams often 
up to considerable elevations. 

Characters :—^The whole body, but not the head, covered 
with overlapping scales but these are small and not very evident 
especially below the lateral line. Rather trout-like in general 
appearance. The outstanding feature is a sheath of tile-like 
scales enclosing the base of the anal and the vent, p. 17. 

Group IV. The CARPS : Corresponding to the sub-family 
CYPRININ® ; the largest group in our list, containing 46 
species. 

Characters :—^The whole body, but not the head, covered 
with well-marked scales, silvery or leaden, often with other 
colours, usually opaque black or red, or a blue, golden or coppery 
sheen. Carps have only one Dorsal and no adipose fin ; some 
have barbels, some have not. The abdomen is generally rounded 
but may come to a cutting edge which, however, is never serrated 
as in the herrings. A key to the CARPS is on p. 18. 

Group V. The CARPS WITHOUT LARGE SWIM- 
BLADDERS : Corresponding to the two families HOMALOP- 
TERID® and PSILORHYNCHID® ; our list contains only 
3 species. 

Characters :—Overlapping scales on the body but not the 
head ; a single Dorsal and no a<lipose fin, distinguished from the 
Herrings, Feather-backs, and Carps by being blotched brown in 
general colour instead of metallic, and from the Snow-trout 
by the absence of tile-like scales on the anal sheath. Described 
on pp. 60-^2. 

Group VI. The LOACHES : Corresponding to the family 
COBITID® ; 16 species in this list. 

Characters :—Scales rudimentary and embedded in the skin, 
which generally has a pattern in browns and yellows often a 
series of dark and light transverse bands. A single Dorsal and 
no adipose fin. Barbels are short but conspicuous and never 
longer than the head. The combination of short barbels with 
absence of an adipose fin serves to distinguish this group from the 
Oat-fishes, the only group with which it is likely to be confused. 
A key to the LOACHES is on p. 63. 
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Group VII. The CAT-FISHES : Corresponding to the 
Bub-CH*der SILUBOIDEA ; an important group in our area, 
our list contains 34 species. 

Characters :—^No scales, a single rayed Dorsal and, more often 
than no^ an adipose fin. Barbels are always present and 
generally they are long. The group contains fishes of all shapes 
and sizes but bearing an unmistakeable family likeness to one 
another which is not easily put into words. The presence of 
barbels longer than the head or an adipose fin or both is, however, 
a feature that will distinguish them from any other fishes in our 
area. 

There is a key to the CAT-FISHES on p. 79. 

Group VIII. The OAR-FISH : Corresponding to the family 
BELONIDiE ; a single species in our area, unmistakeable on 
account of its long beak, p. 108. 

Group IX. The PIPE-FISH : Corresponding to the family 
SYNGNATHID.® ; a single species in our area like a very 
slender and straightened sea-horse, p. 109. 

Group X. The FISH WITH PERCH-LIKE DORSALS : 
Corresponding to the 3 sub-orders PERCOIDEA, GOBIOIDEA, 
and ANABANTOIDEA; more than half of all the species 
of Indian fish have dorsals of this type, but they are typical 
of salt water rather than fresh and only 11 species are included 
in this list. 

Characters :—^The outstanding character is the nature of the 
Dorsals, of which there are two, the front one having the rays 
produced beyond the membrane of the fin. The he^ as well 
as the body is covered with scales. (Amhassis has deciduous 
scales and frequently appears to be scaleless.) A key to these 
fishes is given on p, 109. 

Group XI. The MURRELS : Corresponding to the sub¬ 
order OPHICEPHALOIDEA; 6 species in this list, a very 
distinct group all much alike in shape. 

Characters ;—Scales on the head, which is snake-like, and the 
single, very long Dorsal and Anal are sufficient to separate these 
fishes from all others in our area. Keys on p. 119. 

Group XII. The OLOBE-FISH : Corresponding to the 
sub-order TETRAODONTOIDEA; one species in our list, 
unmistakeable from its shape, squat even when deflated and 
becoming a ball with only tail and fins projecting when it inflates 
itself, p. 124. 

Group Xin. The SPINY EELS : Corresponding to the 
family MASTACEMBALIDiE (or RHYNCHOBDELID.®) ; 
3 species in this list. 

Characters :—Eel-shaped with a long, pointed snout. The 
D(Hsal consists of isolated spines (these may, however, be con¬ 
cealed und^ the skin in some cases). Describe on p. 1^. 

Group XIV. The MUD EEL: Corresponding to the 
family AMPHIPNOIDJE; a single species. 
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Characters Snake-like, with a Dorsal but no other fins^ 
living in thick mud, p. 128. 

SYSTElfATIO DeSOBIFTIOK. 

Group I.—THE HERRINGS. 

All our specimens of this group were from baeaars and it 
is possible that these fish are not really represented in our Area. 
They are mainly sea-fish which ascend the larger rivers and do 
not reach the sub-montane streams, though Oudusia chapra 
is also found in tanks. 

Characters :—Silvery fish without barbels and generally with 
a deeply forked Caudal. All the species in this list have the 
abdominal edge sharp and serrated. 


KEY. 


Anal moderate (19-24 rays)— 
L. 1. 46-49 
L. 1. 68-62 
L. 1. 80-110 .. 

Anal long (70-80 rays) 


.. HUsa iUsha (p. 13) 

Oonialoea memminna (p. 14) 
Quduaia ohcmra (p. 12) 
Engravlia Mara (p. 14) 


[Gadusia chapra (Ham.)], No. 469 Clupea chapra. 

Bengali: Khcira^m\l Hindi: 8uiya%%^j. 

D. 14-16. P. 13. V. 8. A. 21-24. C. 17. L. 1. 80-110. 

Length of head 4J-4J, height of body 3J-4 in total length. 
Somewhat compressed laterally, the abdominal profile sharp and 
saw-edged, tail deeply forked. 



Tbxt-vxg. 3.— Cfadttsia chapra (Hamilton). 


Ccikrwr: Silvery with or without a dark shoulder spot. One 
of our specimens has four irregular dark marks across the back 
between the base of the dorsal and the head. 
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Bizit ; Day Bays it attams at least 8 inohes in length. Our 
largest was alraut 6 inches long. 

HabUoit : Our only specimens have been from Siliguri basaar. 
Day gives —* Freshwater rivers and tanks in Sind and through¬ 
out Didbt as far south as the Kistna River; absent from the 
Malabar Coast and Madras *. 


[Hilsa ilisha (Ham.)], No. 470 Chipea ilisJia. 

The HUsa (Day also notes another name, the Sable-fish, 
which we have not heard.) 

Bengali: Iliah ; Hindi: Hilsa f%wwr. 

{Note .—^Althouth we are aware of no record of this fish 
from our area, it is so commonly imported and sold here that to 
omit it from our list might lead to confusion.) 

D, 18-19. P.15. V.9. A. 19-22. C. 19. L. 1.46-49. 

Body laterally compressed, in general appearance not unlike 
a herring but somewhat deeper (height of body 3^-32 in total 
length.) Caudal deeply forked and partly covered with scales ; 
belly with a saw-edge. 



Text-fig. 4 .—Hilea iliaha (Hamilton). 


Colour : Silvery shot with gold and purple. Young fish 
have vague, vertical, darker bars across the back and upper 
part of the bides. 

Habitat : HUsa swarm up all the larger rivers of India and 
Burma to spawn, at the season of the local monsoon. Mature 
fish are mostly taken in the Ganges from mid May to mid October, ^ 
when they presumably leave for the sea. We^are told that fry, 
about two inches long, are taken in January and February. 
These fish mostly reach our districts by rail from Sara Ghat 
vrheie a fiishing fleet operates. Although HUsa go upstream much 
farther than this (Day records them from Delhi and Hamilton 
Buohaiian from A^ and Cawnpore) we have not heard of them 
from the Jalpaiguri or Darjeeling districts. 
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[Gonialosa manminna (Ham.)], FM.L, No. 489 ChaSoessus 
manminna* 

Be igali: Khoira wrt . 

1), ]4.15. P. 15. V. 8. A. 22-24. L. 1. 58-63. 

Day gives—‘ Length of head 4§-5, height of body 3f-3| into 
total length. J^'in^-^orsal commences slightly in advance of 
the origin of the pelvics, its last ray is slightly prolonged. 
Caudal deeply forked, lower lobe the longer. Sccdes —^irregularly 
arranged ; scutes (i.e. serrations along the belly) strong, 17 
between throat ana base of pelvics, and 13 behind it. 



Tbxt-fio. 5 —Gonialosa manminna (Hamilton). 


Colour : Silvery glossed with gold; cheeks purplish ; back 
with a bluish-green tint, and usually a black spot on the shoulder. 
Fins yellowish, the dorsal and caudal with dark outer edges.’ 

Size : Day says it attains at least 11 inches. 

Habitat : Day gives—‘ Fresh waters of Sind, and the 
districts watered by the Indus and its branches, also the afBiuents 
and the main streams of the Ganges, Jumna, Brahmaputra, and 
Mahanadi.’ Our specimen was from Siliguri bazaar. 

[Engraulis telara (Ham.)], F.B.L, No. 498. 

Bengali: Phansa ; Hindi (Bihar): Hindi . 

D. 1 + 14-15. P.15. V.7. A. 70-80. C. 19. L. 1. 52. 

Day gives—‘ Length of head 6-7, of body 4J in total 
length. diameter 4J in length of head, J diameter from 

end of snout, and 11 apart. The maxilla extends to opposite the 
gill-opening. Fttw--origin of dorsal slightly posterior to that 
of anal, much nearer to snout than to base of caudal fin. 
Pectoral with its upper ray elongated to opposite centre of 
anal fin (in some examples this ray is only slightly produced), 
whilst the fin itself extends to opposite the posterior end 
of the pelvics; lower caudal lobe the longer, the upper truncated; 
base of the anal ^ * considerably more than half the total 
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length without the caudal fin. Smka-^l spiny scales before 
the peMcs and 15 or 16 after them. 



TaxT-ria. 6 .—Engraulis telara (Hamilton). 


Golmcr : Greenish along back, becoming silvery dashed with 
gold along the abdomen ; dorsal and caudal yellow, the upper 
lobe of the caudal and the upper margin of the dorsal stained 
black ; pectOTal in the young yellowish, but in the adult of a 
deep blue-black, except the elongated ray, which is usuaUy 
uncoloured in the posterior three-fourths ; pelvics and anal 
uncoloured.* 

Size: Day says it attains at least 16 inches in length. 
Our specimen was about 5 inches long. 

Habitat : Our specimen was from Siliguri bazaar. Day 
gives—* Orissa, Bengal, Cachar and Burma, in which latter 
country I have taken it as high up as Mandalay.* 


Group II.—THE FEATHER-BACKS. 
[Notopterus chitala (Ham.)], No. 520. 

Plate 4, fig. 5. 

Bengali: ChiUd ; Hindi (Bihar): Mohi liVft. 

D. 9-10. V. 5-6. 110-125 (135). 0. 10. L. r. 225. 



Tbxt-fio. 7 .—NotopUrua chUcUa (Hamilton). 


In shape similar to N. notoptervs but the back is more 
strongly humped in front and the ventral profile almost straight. 
There is also a more marked re-entrant curve above the eyes. 
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Colour: Silvery; dark along the back. There is a setfes of 
about 15 silvery transverse bars on each side of the dorsal ridge, 
some meeting the corresponding marks on the other side of the 
ridge, others alternating with them. There are 7 or 8 round 
black or dark grey spots irregularly arranged near the end of 
the tail. The dorsal is yellowish grey, the lower fins are almost 
white washed with silver on the basal half. 

Size : We have seen them up to about 3 ft. long. Day says 
they attain at least 4 feet. 

Habitat : We have only seen them in bazaars where they are 
commonly exposed for sale. Day gives —* Presh waters of Bind, 
Lower Bengal, Orissa, Assam, Burma and Siam to the MaJay 
Archipelago.’ 

Notopterus notopterus (Pall.), F.B.I., No. 619 Notopterue 
kapircU. 

Plate 4, fig. 6. 

Bengali: Pholui or Phallai ; Hindi (Bihar): Oclhi 
; Hindi : Pholi ; Rabha: Nap(h)uli Mechi: 

Na-laithu. 

D. 7-8. V. 6-0. A. KKMIO. C. 19. L. r. 225. 

Laterally compressed, dorsal and ventral profiles both 
convex; the whole appearance rendered unusual by the long 
anal fin which extends for more than two-thirds of the whole 
length of the fish and is confluent with, and almost masks, a 
very small caudal. The doi’sal is short and the pelvios very 
small. 



Txxr-no. 8 .—Notopterus notopterus (Pallas). 


Cokmr: Silvery; Day mentions fine greyish spots every¬ 
where. 

Size : We have had them up to 10 inches long; Day says 
they attain 2 ft. or more. 

HabitaJt : Clear streams of the Terai and Duars. Day gives— 
^ fresh and brackish waters of India to the Bfolay Ardilpelago ’. 
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Group III.—THE SNOW-TROUT. 

Oreinus molesworthll Chaudhuri. 

1913. molemmrihi, Ohaudhuii, See, Ind. Idue., VIII, p. 247, 

pi. vil, fig. 2. 

Known as * Snow-trout * though perhaps this name is more 
properly applied to Schizothorax progastue. 

Nepalese : Aal^ ; Lepoha : Moui. 

D. 3/8. P. 17. V. 10. A. 2/5. C. 19. L. 1. 98-107. 
Barbels 2 paii's. 

In general appearance somewhat like a trout but the mouth 
is inferior and the snout rounded. There is a suctorial disc 
on the chin formed by the edge of the lower lip. Some have 
many tubercles on the snout and an incipient groove. Length 
of head 6, of caudal 6|, height of body 6 in the total length. 

Barbels : Very short, usually hidden in a fold of upper lip. 

Fins : Caudal deeply forked. Scales very small and not 
very evident (Shaw), those immediately behind the gill-opening 
and below the lateral line rudimentary (Hora, J?ec. Jnd. Mus.^ 
XXII, p. 734, 1921). Vent and base of anal in a sheath 
formed of enlarged, imbricate scales. 



Ts!zx-Fia. 9 .—Oreinus mdesworihii Chaudhuri. (Copied from 
Bee. Ind. Mub.). 


Oohur: Brownish-grey above indistinctly speckled with 
black (resembling a brown trout), silvery below; sides often 
shot with gold, a pinkish-brown tinge along the lateral line. 
Fins pale yellowish-brown or pinkish. Iris pale golden. 

Size : Our longest 10*3 inches. 

Habitat : Clear hill streams up to at leas^ 2,000 ft. (Biyang) 
and probably higher. Common in some streams, e.g. the upper 
reaches of the Balasan Biver. The type specimen was from the 
Abor hills. 

Habits : .Mr. Curry informs us that they will take a fly 
which seems strange in a fish with such a mouth. 
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Schizothorax pro^astus (MoClelL), No. 286. 

The ‘ Snow-trout 

Nepalese: Asia WHlTT (so called in Tibet by Sherpas who 
presumably do not distinguish it from Oreinvs moUaworthii). 

D. 3/8-10. P. 10. V. 11. A. 2/5. C. 19. L. 1. 160-190. 
Barbels 2 pairs. 

In general appearance it resembles Oreinvs molesworthii^ 
with which we at first confused it, but the mouth is rather more 
forward and there is no sucker on the chin. 

Fins : The caudal is forked; the dorsal has a strong, 
serrated, osseous ray. 

Scales : Minute and not very distinct; a tile-like row (as in. 
Oreinus) on the anal sheath. 



Tbxt-tig. 10 .—Sohizothorax progastus (MoClelland). 

Colour : Day gives—‘ Uniform silvery, sometimes having 
a few fine spots; fins with darkish edges.* We have not had 
an opportunity of describing a fresh specimen. 

Size : Day gives—* At least 20 inches in length.* 

Habitat : Found from the headwaters of mountain streams 
downstream, apparently, as far as the plains; our own spcimens 
were probably none of them from higher than about 2,000 ft. 
though we have seen them taken from the Torsa at least as high 
as Yatang in the Chumbi valley ^9,800 ft.) and it is the commonest 
species in the streams of the plateau of Southern Tibet at an 
elevation of about 14,000 ft. Day gives—* Himalayas, from 

* the headwaters of the Ganges to Sadiya in Upper Assam. 

‘ Common at Hardwar, where the Ganges delx)uches into the 

* plains.* 

Group IV.—THE CARPS. 

Kdy to thb CYPRYNID.® (thb CARPS) in this List. 
Abdominal edge cutting :— 

Scales of moderate size (L. 1. 34-87) .. Laubuoa (p. 20) 

Soales small (L. 1. 80-110) .. CAald 10^ 

Abdominal edge rounded 

Dorsal begins before or opposite to &ont of Pelvics: 

A suctorial disc on chin .. 


Qarra (p. 48)> 
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Ko suotorial disc on ohin:— 

A line of open pores across snout .. SemiploHia (p. 59) 

Pores, if present, irregularly arranged :— 

Jjk. tubercle in centre of lower jaw :— 

DorscJ 15-16 rays, L. 1. 40-45 .. Oirrhina (p. 43) 

Dorsal 10-12 rays, L. 1. 35-40 .. OroasocheUua (p. 47) 

No tubercle in centre of lower jaw :— 

L. 1. 71-84, leaden rather than silvery Labeo goniua (p. 54) 
L. 1. 44-47, bright silvery .. Barbus chagunio (p. 85) 

L. 1. 36-44 

One or two pairs barbels .. .. Labeo spp. (p. 50) 

No barbels Oatla (p. 44) 

L. 1. 34 or less Barbie spp. (including CyclpcheiUdhthys 

and lAssocheilua, p. 45) (p. 33 ) 

Dorsal begins distincly behind front of Felvics but does not extend 
above Anal:— 

Opening of mouth wavy, three prominences on lower jaw fitting 
into corresponding notches in upper jaw Rasbora (p. 81) 

Opening of mouth normal:— 

L. 1. incomplete (about 15 scales) Arnhlypharyngodon (p. 81) 
L. 1. complete :— 

Anal 29 rays or more Rohtss (p. 58) 

Anal 12 rays or less .. Aspidoparia (p. 82) 

Doraed begins opposite interspace between Felvics and Anal and extends 
above the latter :— 

deft of mouth deep; blue spots or bands, if present, arranged 
vertically ; Dorsal 9-11 rays . • Barilius (and Raiarms) (p. 21) 
deft of mouth shallow; coloiir pattern, if present, arrang^ hori¬ 
zontally :— 

Anal 12 rays or more .. .. Damo (p. 26) 

Anal 8 rays .. Bsomus (p. 29) 

Chela bacaila Ham., No. 458. 

Plate 2, fig. 14. 

The, Chilwa. 

Bengali: Chela otI ; Hindi (Bihar): Chilwa PreWT. 

D. 9. A. 13-15. C. 19. L.I. 86-110. 






TnxT-via. 11.—CMa 6ao0i2a Hoiniltoti. 

Somewhat compressed laterally, abdomen with a cutting 
edge behind the pectorals, the dors^ profile straighter than the 
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ventral. The lateral line is low, about three-quarters of the 
distance from the back to the belly. The mouth is directed 
upwards. 

Colour: Bright silvery. 

Size : Day says—* attaining at least 7 inches.’ We have had 
them up to 5 inches but they are more commonly 3 or 4 inches 
in length. 

HahitcU : Streams throughout the Terai and Duars. Day 
gives ‘ Throughout India except Malabar, Mysore and Madras 
and parts of the Deccan.’ 


Laubuca laubuca (Ham.), jP.B./., No. 447 
Perilampua Imtbuca. 

Plate 2, fig. 16. 

D. 11-12. P.13. A. 19-23. C. 19. L. 1. 34-37. 

Somewhat deep and laterally compressed, abdomen with a 
cutting edge; mouth inclined upwards. Pelvic fins placed 
far forward and the dorsal far back. The lateral line is low, 
being more than three-quarters of the distance from the back to 
the bally. 



Tazr-no. 12.—ixiti6uo0 tou&uoa (Hamilton). 


OdUmr : Silvery; a black blotch near the base of the pectoral 
and sometimes another near the base of the caudal. Day 
mentions some yellow vertical stripes during life which we have 
not noticed. 

Bize : Day says it attains at least 3| inches in length. Our 
longest was about 2\ inches. 

HabUat : Our specimens were from the pond on the west 
side of the cart-road fiom Siliguri to Sukna immediately south 
of the Panchenai bridge. Day gives—* Qtmjam, Orissa, 
Baikal, Central India, Assam, and Burma.’ 
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Genus : BARILWS^ including Bdiarnae, 

This genus is best known to anglers by its one sporting 
member, the Bola (Nepalese) or ‘ Hill-trout ’ (Bafiliua bola), 
but they may also have had a little fish in gleaming silver and 
blue {B, harm) attempt to take a spoon of nearly his own size, 
or have used him, or one of his less common relatives, as dead-bait. 

All are bright, silvery fish common in clear, gravelly 
stress where the flesh of their bodies is the only visible sign 
of life in the dark of deep pools. All of them, at least when 
young, have some trace of the characteristic vortical pattern 
in transparent blue. 

B, barila, B. vagra and the young of B. henddiaia are the 
most likely to be confused. 

Key to the Species. 

L. 1. 88-94, no barbels, a salmon-like hook on the lower jaw in eidults ; 

a double row of blue blotches .. .. B. (Raiamcta) bola (p. 23) 

L. 1. 69-76, barbels rudimentary or none; 2 or more rows of verticidly 
elongated blue blotches .. B, Uleo (p. 25) 

L. 1. 60-70, 2 prs, barbels; about 12 incomplete vertical bars, uimally 
only visible across the back .. .. B. shacra (p. 24) 

L. 1. 43-46, 1 pr. small barbels, A.3/10-11; 14-16 vertical blue bands in 
the middle third of the side .. .. B. barila (p. 21) 

L. 1. 42-44, 2 prs. barbels, A.2-3/11-12; 7-14 vertical blue bands, some¬ 
times indistinct .. .. .. B. vagra (p. 26) 

L. 1. 38-43, 2 prs. barbels, A.3/7-8, P. very large in males; A black dot 
at base of each scale and double dots along L. 1. in adults, bars visible 
across back in young.. .. .. B. beniUUtsia (p. 23) 

L. 1. 36-42, no barbels ; 9-10 well-marked blue bands firom back abmMst to 
belly throughout life .. .. B. bama (p. 22) 

Barilius barila Ham., FBJ,, No. 427. 

D. 9(2/7). P. 13. V. 9. A. 13-14(3/10-11). C. 19. L. 1. 43-46. 

Barbels 1 pair (small, rostral). ‘ The adult has open pores 
on both jaws and snout. Length of head 5-5^, height of body 
6J-5J in total length.’ {Day) 



TaxT-no. 13.—Ban^tus 6an{a Hamilton. 


CdUmr : ‘ Silvery, with 14 or 16 vertical blue bands in the 
middle third of the side of the fish.’ {Day) 

Size: * Grows to 4 inches in length.’ (Day) Our longest 
is inches. 
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Habitat : Five of the speoimeBB from oar coUectioii were 
identified as belonging to this species by Dr. Hora. At least 
one was from the Mahanadi River. Day gives—* Delhi, 
North-West and Central Provinces, Bengal, Orissa, and Lower 
Assam.’ It is also found in Burma, see Mukerji, Bombay Nat. 
Hist. Soc. Journal, XXXVII, Ist. part (1934). 


Barilius barna Ham., No. 431. 

Bengali: Bhola csW or Ohol cqt»I; Nepalese: Puti or 
Fahaiar WBirc; Hindi (Bihar): Darangni Mechi: Na- 

musha; Rabha: Na-horte. 

D. 9(2/7). P. 15. V. 9. A. 13-14(3/10-11). C. 19. L. 1. 
36-42. No barbels. 

A deeper fish and more strongly compressed laterally than 
our other species of Barilius. There is also a tendency for the 
dorsal outline to be straighter than the ventral, and the mouth is 
directed slightly upwards. The adult has open pores on both 
jaws and snout. Length of head 4f-5j, height of body 3J-4 
in total length. 



TbxT’Tig. 14 .—Barilius bama Hamilton. 


Colour : Silvery with 9-11 well-marked bluish vertical bands, 
the first of which sometimes passes through the eye. Fins 
yellow, dorsal, caudal, and anal usually tinged with red. ‘ The 
young have the back grey, the sides silvery shot with gold, and 
from 7-9 deep blue vertical bands. Fins yellow, the dorsal and 
caudal stained externally with black.’ (Day) 

Size : Day gives—‘ Five inches or more * and we have had 
them up to about this size. 

HMtat: Qear streams and even large rivers of the Terai 
and Duars, found in borrow-pits in the rains; very common. 
Day gives—* Assam, the Ganges and its branches, Bengal, and 
Orissa.’ Also found in Burma, see Mukerji, Bombay Nat. Hist. 
Soc. Jout^l, XXXVII, 1st pak (1934). 

Habits i A voracious little fish, often taking a fly and even a 
spoon. 
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BarUlus bendellsls var. chedra Ham., No. 426. 

Bengali: Joia iril; Mechi: Ehngi; Babha: Na-pagli; 
Nepalese: Qvderi 

D.’''9(2/7). P. 16. V. 9. A. 9-10(2-3/7.8). C. 18. L. 1. 
36-43. Barbels 2 pairs (minute). Bostral pair occasionally 
absent. 

Shape normal, a sporting looking fish with beautiful lines. 
Hard rough pores above the mouth. Adult males have the 
pectorals very large and strong so that they might almost be 
taken for a different species. Length of head 4}-5|, height of 
body 4i-4| (to 6| in the young) in total length. 



Tbst-eio. 15 .—Bariliua bendeligia var. chedra Hamilton. 


Colour : Silvery with a black spot at the base of each scale 
and double spots on the lateral line. Day says that the spots 
are not present in the young, we have not noticed this though 
in some fish, irrespective of size, they may be very indistinct. 
Young fish have faint transverse blue-black bars across the back. 
A lemon-yellow wash on the operole and black marks behind the 
gill openings. Fins yellow, pectorals, pelvics and anal tinged 
with orange, the hinder margin of the lower lobe of caudal blc^k- 
edged. 

Size : Day gives—* attains at least 6 inches * and we have 
had them up to about this size. 

Habitat : Clear gravelly streams in the Terai and Duars. 
Day gives—* Assam and HimalayaB, through the continent 
of In(ha as far as the Western Ghats, not recorded from the 
coast of Malabar or Canara nor from Sind. Found also in Ceylon.* 

HabiU : ‘ The ova of this species are large; I found the 
fish breeding at Cuttack in the month of November.’ 

Bariliua (Raiamaa) bola Ham., F.B.7., No. 435. 

The ‘Hfil-trout.’ 

BengaliBAoIa (?) Nepalese: Bhola Mechi: 

Nakrida. 
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D. 10-11(3/7-8). P. 13. V. 9. A. 13(3/10). C. 19. L. 1. 
88-94. No barbels. 

Shape normal or rather slender. A well-developed knob 
on the symphysis of the lower jaw gives the deeply-cleft mouth 
a salmon-like appearance. Length of head 4|-4f, height of 
body 5-6 in total length. 



Text-fio. 16. —BarUiua (Raiamaa) bokt Hamilton. 


Colour : ‘ Silvery, with two or more rows of vertical bluish 
blotches along the sides, the upper row with 12-20 blotches, 
and the lower intermediate ; some spots also on the head. Lower 
half of the dorsal fin slightly grey. Caudal orange, stained with 
grey and black. Pectorals, pelvics and anal orange, the colours 
being somewhat similar to those of a trout.' {Day) 

Size : Day gives—* Attaining at least a foot in length ; 
one killed in Assam by Mr. Hannay is stated to have weighted 
6 pounds.* We have seen them up to a foot but nothing to 
approach Mr. Hannay's fish. 

Habitat: Clear streams and rivers of the Terai and Duars 
appearing to be more plentiful towards the east of our area. 
Day gives—‘ Orissa, Bengal, North-West Provinces, Assam, 
and Burma.’ 

Habits ; A very game fish taking both fly and spoon well. 
They are most frequently caught at a junction. 

Barilius shacra Ham., F.BJ., No. 425. 

Plate 2, fig. 4. 

Bengali ; Kokaa ; Meohi: Na-boma. (These names 
may refer to B. vagra). 

D. 9(2/7). P. 16. V. 8. A. 10(2/8). C. 19. L. 1. 60-70. 
Barbels 2 pairs. 

Muoh the same shape as B. vagra, which it somewhat 
resembles except for the much smaller scales. Maxillary barbels 
as long as the eye, rostral pair slightly longer. Length oi head 
5-62, hd^t of body 5-62 ^ total length. 
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Colour : * Baok olive, rest of the body pinkish silvery; 
about 12 inoomplete bars from the baok downwards towards 
the lateral line, a dark bar along upper third of the dorsal fin. 
The lower f of the vertical fins stained in some examples.* (Day) 



Tbxt-fiq. 17 .—Bariliua ahacra Hamilton. 


Size : ‘ It is said to attain 5 inches in length.* Our speci¬ 
mens have been smaller. 

Habitat : Clear streams of the Terai and Duars, not common. 
Day gives—‘From Hurdwar down the valley of the Ganges, 
North-West Provinces, and Assam.* 

Barilius tileo Ham., No. 433. 

D. 9(2/7). P. 14. V. 9 A. 13(3/10). C. 20. L. 1. 69-75. 
Barbels rudimentary or entirely absent. 

‘ Abdominal profile more convex than the dorsal. Head 
compressed, snout pointed. Length of head 4}-6i, height of 
body 4§ in the total length.* (Day) 



TaxT-FiG. 18 .—Bariliua tiUo Hamilton. 


Colour : ' Bluish along the back, becoming silvery on the 
sid^s and beneath ; two or more rows of blue spots and blotches, 
having a vertical character, along the sides. Dorsal and 
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caudal fine dark grey, with a light pinkish edge ; the other fins 
yellowish.' {Day) 

Size : Day gives * at least 5 inches in length.' Our lai^st 
specimen measured 5-6 inches. 

• Habitat : Our three specimens were obtained by Mr. 0. M. 
Inglis at Chilapata, Central Duars. Day gives—' Bengal and 
Araam.' 

Barilius vagra Ham., F.B.I,, No 422. 

Plate 2, fig. 10. 

Bengali: Kohaa ; Mechi: Na-bama. (These names 
may refer to B. ahacra,) 

D. 9(2/7), P.16. V.9. A. 13-16(2.3/11-12). C. 19. L.l. 
42-44. Barbels 2 pairs. 

Shape normal or rather slender. Lower jaw slightly the 
longer and, in adults, covered with large pores. Bostral barbels 
nearly half as long as the head, maxillary pair very short. 

Length of head 6-6|^, height of body 6-6 in total length. 



Tbxt-xio. 19 .—BariUua vagra Haxcditon, 


Colour : Silvery with a series of 7 to 14 blue vertical bands, 
sometimes indistinct, between the dorsal ridge and lateral line. 
Fins yellowish, edge of caudal stained grey. 

Size : Day gives—‘ attains above 6 inches'. Our specimens 
were smaller. 

Habitat : Clear streams of the Terai and Duars, not very 
common. Day gives—Sind hills, rivers in the Himalayas and 
sub-Himalayan range, Jumna and Ganges, also the Punjab, 
Assam, and Ceylon/ 


Danio sequipinnatua (McClell.), F.BJ., No. 439. 

Plate 2, fig. 16. 

Bengali: Chebli ; Nepalese: BMti 

D. 12-16. V. 8. A, 14-18. C. 19-20. L. 1.32-36. Bar- 
beb 2 pairs (maxillary pair minute). 
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Shape Bimilar to that of D, d&ixmo but not so deep. Length 
of head 6, height of body 3}~4| in total length. 



Tbxt-fio. 20.— Danio cequipinfuUua (McClelland). 

Colour : A beautiful silvery fish with blue and orange 
iridescence on horizontal bands. Fins yellow. ‘ Dorsal and 
anal fins each with a broad bluish band along their outer half. 
In some specimens there is a dark mark behind the gill-opening/ 
{Day) 

Size : Attains about 5 inches. 

Hcibitat : Clear waters in the Terai and Duars where it is 
common, also all streams in the hUls up to 3,0(X) ft. Day gives— 
‘ Himalayas of Darjeeling and the whole of the Assam District 
as high as Sadiya, the Naga and Garo Hills, Tenasserim and the 
Deccan.’ 

Danio dangila Ham., F.BJ,, No. 440. 

Bengali: Nipati ; Mechi: Lawpcati ; Rabha: Na-pa(t)- 
paru ; Ohota-Nagpuri; Durwa 

D. 11-13. P. 13. V. 7-8. A. 16-18. C. 20. L. 1. 38. 
Baxbels 2 pairs. 



Tbxt-vio. 21 .—Danio dangila Hamilton. 


Shape intermediate between that of D. devario and D. 
<tequipin 7 U 3 dus^ Rostral barbels a little shorter than the head, 
inaxiUajy pair slightly longer. Length of head 6, height of 
body 3|-4 in total length. 
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Odour : Silvery with three parallel longitudinal blue or 
dark lines running from somewhere behind mid-body to half 
way along the tail. A black spot behind the gills. 

8ize : Day gives—‘ grows to 6 or 6 inches.’ We have not 
had them quite so large. 

Habitat : Clear streams of the Terai and Duars. Day gives— 
* Bengal, Bihar, Himalayas at Darjeeling, also the hills above 
Akyab.’ 

Habits : Lives longer in stale water than any fish except 
Ophicephalus. 

Danio devario Ham., F.BJ., No. 436. 

Plate 2, fig. 6. 

Bengali: BaHs-pata^ Mochi: Laupati, 

D. 18-19. A. 18-19. C. 19. L. 1. 41-48. No barbels. 

Very deep and laterally compressed; the dorsal fin is set 
far back. The head is rather small. Length of head 6-5 
height of body 3-4 in total length. 



TBXT-rio. 22 .—Danio devario Hamilton. 


Odour: Silvery with one bluish band of iridescence roughly 
following the later^ line from a point opposite the front of the 
dorsal to the end of the caudal. The colour is most marked on 
the tail and caudal. There are sometimes a pair of fainter blue 
bands, one above and one below that already described on the 
hinder part of the body and separated from it by golden colour. 
The post-orbital plates strikingly silvery. Day gives— ‘ Greenish 
above, silvery white below. The anterior part of the body is 
reticulated in its centre by steel-blue lines, divided from one 
another by vertical yellow bands. Three bluish lines, divided 
by yellow ones, are continued backwards to the caudal to, where 


1 This name is applied in S. Bengal to Oynoglossidn. 
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the two lower amalgamate, and, passing upwards, become lost 
in the superior half of the fin/ 

8iz ^: Day gives—‘ attaining 4 inches in length/ We 
have ha(|^them about this size. 

Hcibitat : dear streams of the Terai and Duars. Day gives 
—‘ Sind, Orissa, Bengal, North-West Provinces, Deccan, Punjab, 
and Assam.’ 

Danio (Brachydanio) rerio Ham., jP.B. 7., No. 443. 

The Zebra-fish of aquarists. 

Bengali (Siligiiri): Ariju eitfi. 

D. 9(2/7). A. 15-16(2-3/12-13). 0.19. L. 1.26-28. Bar¬ 
bels 2 pairs. 

Shape normal. Bostral barbels short, maxillary pair reach¬ 
ing end of opercle. Length of head 6-5f, height of body 4f-5^ 
in total length. 



Text-fig. 23. —Danio (Brachydanio) rerio ECamilton. 


Colour: Four metallic blue longitudinal bands separated 
by three narrow silver ones. The three lower blue bands pro¬ 
duced along the caudal fin. Anal with three blue bands. 

Size : Day gives—‘ about 2 inches.* Our longest measured 
1^ inches. 

Habitat: Edges of streams and ditches in the Terai. Day 
gives—' Bengal, and as low down the Coromandel coast as 
Masulipatam.’ Also found in Burma, see Mukerji, Bombay 
Nat. Hiet. Soc. Jowmal, XXXVII, 1st. part (1934). 

Esomus danricua (Ham.), No. 409 Nwia danriea. 

Bengali (local): Dadhikha (Lower Bengal) DaArika'^ 
; Itobha: Daranki. 

D. 8(2/6). P. 16. V. 9. A. 8(3/6). L. 1. 30-34. Barbels 
2 pairs. 

filliape normal. Abdomen rounded. Mouth narrow, directed 
obihidleiy upwards. The longest ^rbels (maxillary) reach to the 
Dorsal situated far back, nearer to the caudal than 
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to the head. Length of head height of body 6 in total 

length. 



Tbxt-tig. 24 .—Esomus danrioua (Hamilton). 

Colour : Silvery ; a broad blaok lateral band, sometimes 
absent. 

Size : Day gives 6 inches ; our specimens have been smaller. 

Habitat : The smallest streams, ponds, and ditches. Com¬ 
mon during the rains in ditches in the forest. Day gives— 
‘ India, Ceylon, Burma, and the Nicobars.* 

Habits : Day gives—‘ Dr. Cumberland found this fish in a 
hot stream of 112 degrees Far. at Pooree, (M. Begnaud in a 
hot stream at Cannia in Ceylon.) *' 

Rasbora daniconius (Ham.), F.BJ., No. 411. 

Bengali (local): Dadhihha or Dankoni or Dhera 

c«nti (South Bengal) Darkim ; Mechi: Dandikha; Babha ; 
Daranki. 



TBiXT-na. 26 .—Bcubora daniooniua (Hamilton). 


D. 9(2/7). P. 15. V. 9. A. 7(2/5). C, 19. L. 1. 80-34- 
No barbels. 

Shape normal or slender. The opening of the mouth is 
undulating (as described under JB. danga.). 


^ Nole-—The fish found by M- Begnaud have sinoo been refemd to 
Esfmim thsrmoieuB. 
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Oolemr: Silrery with a dark brown band along the lateral 
line from snout to tail. Head 5; height of body 5 in total 
length. 

Size : Day gives—‘ attaining 8 inohes in length.’ Our 
longSfirt) s^oimen was about 6 inches. 

Habitat : CHear but slow streams in the Terai and Duars. 
Day gives—‘ Continent of India, Ceylon, Burma, Malaya 
Archipelago, and Zanzibar.’ 

[Rasbora elanga (Ham.)], F.B./., No. 410. 

Plate 2, fig. 13. 

D. 9(2/7). P.16. V. 8-9. A. 7(2/6). C. 19. L. 1. 40-44. 
Barbels 1 pair. 

Shape normal. Abdomen rounded, deft of mouth oblique, 
lower jaw, having one central and two lateral prominences 
fitting into corresponding emarginations in the upper jaw; 
this gives the mouth a wavy opening when viewed from the 
front. 

One short rostral pair of barbels. Caudal forked. Length 
of head 6-6i ; height of body 4J-6 in total length. 



Colour ; Silvery, with sometimes a leaden-coloured band 
along the upper portion of the side. 

Size : Day gives—‘ attaining at least 8 inches.’ Our 
only specimen was about 6 inches long. 

Habitat: Our only specimen was from Siliguri bazaar. 
Day gives—‘ Bengal, Assam, and Burma.’ 

ALmbl3npharyngodon mola (Ham.), F.BJ., No. 336.. 

Plate 6, fig. 4. ' 

Bengali (local); Mowa or Mowka i|^ (in Southern 
Bengal): Mowrala iftivd; Babha: EUnga. 

D.2/7. P.16. V. 9. A. 2/6. C. 19. L. 1.61^-76. Bar- 
bels nil. 
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Mouth anteirior oleft to within a short distance of a vertical 
line drawn through anterior edge of orbit. Body moderately 
compressed. Eyes rather large 3-3j^ (3^-4 Day) in the length 
of head. In our specimens there are two lateral lines an upper 
one complete and a lower, crooked but more distinct one ezt^d- 
ing for about 15 scales from gill opening. Length of head 
4^-6, of caudal 4i (6 Day), height of body 4-4^ in the total 
length. 

Fins ; Caudal deeply forked, lobes pointed. Dorsal com¬ 
mences behind the pelvics and extends nearly to above anal. 
Scales minute. 



Tbxt-tio. 27 .—Amblypharyngodon mola (Hamilton). 

Colour : Greyish with a silvery longitudinal band about 
I of body in depth extending along the upper lateral line from 
the gill-oovors to the base of the caudal. The whole body 
covered with minute black dots. 

Size: Our longest inches. 

Habitat ; Streams and borrow-pits in the Terai and Duars. 
Day gives—‘ From Sind throughout India (except the Malabar 
Goeust), Assam, and Burma.’ 

Aspidopaiia jaya (Ham.), F,BJ., No. 414, 

Plate 2, fig. 8. 

D. 9(2/7). P. 15. V. 8. A. 9(2/7). C. 21. L. 1. 52-60. 
No barbels. 



TncE-na. jmya (Hamilton). 

Shape normal; abdomen rounded. Mouth considerably 
overhung by the blunt snout. Length of head 6-5|, heij^t 
of body 6 in total Jength. 
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Colour: Silvery. 

Size : The length of our only specimen was 4 inches. 

HabiUUt Our only specimen was from the Malangi river, 
Oentral Duars. Day gives—‘Hardwar on the Ganges and 
Assam.’ 


Aspidoparia morar (Haij^), No. 413. 

D. 9-10(2-3/7-8). P. 15. V. 8. A. 10-12(2/8-10). C. 19. 
L. 1.38-42. No barbels. 

Shape normal; abdomen rounded; mouth small, inferior, 
the lower jaw having a sharp crescentic edge destitute of lip. 
Snout very obtuse. Length of head 5-5|, height of body 4-5 J in 
total length. 



Text-fig. 29 .—Aspidoparia morar (Hamilton). 


Colour : ‘ Back light brown, divided from the silvery side 
by a burnished streak.’ (Day) 

Size : Day gives—‘ attaining at least 7 inches in length 
Our specimens have been very much smaller. 

Habitat: Borrow-pits on road-sides in the Terai. Day 
gives—‘ Sind, Punjab, Continent of India (except the Western 
Coast, and localities south of the Kistna River), also Assam and 
Burma.’ 

Oenus BABBUS, including CydocheilkMhys and LissocheiJm. 

These fishes, which include the KaUi and Mahaeer, are 
strongly built with large scales which are metallic on their 
outer edges and dark at the base (in the last column o£ the 
table below an attempt has been made to describe their colours). 

B, chagunio and B. mrana are easily distinguished by the 
count of lateral line. Of the rest B, (LieaocheUua) duJcai and B. 
putUora (KatU and Maheeer) are large but, even in their young 
stages, marked by their comparative slenderness (the length of the 
boffy is always more than 4 times its depth). The remainder are 
-all small fish (5 inches long or less) with 2 black nmrks on the 
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lateral line, a small one near the gill-opening and a large one 
on the tail. [In B. stigma these marks are sometimes TnlBsing 
and our specimens of B. (Oydocheiliehthys) ? apogon had no 
marks.] 


Species. 

L. 1. 

Bar¬ 
bels. ^ 

Spots 
/on L. 1. 

Length 

Depth. 

Dorsal 

spine. 

Colour of 
scales. 

B, chagunio 
(p. 36). 

42-47 
on all 
scales. 

2 pr. 

none 

4-4} 

strong, 

serrate. 

silver and 
black. 

B, mrana 
(p. 41). 

32-34 
on all 
scales. 

2 pr. 

only in 
young. 

34-3i 

strong, 

serrate. 

silver and 
black. 

B. {Lisaochei- 
lua) dukai 
(p. 37) 

26-26 
on all 
scales. 

2 pr. 

none 

4i 

strong, 

smooth. 

copper 

and 

green. 

B. putitora 
(p. 39). 

25-27 
on all 
scales. 

2 pr. 

none 

0i(4i 

yoimg). 

strong, 

smooth. 

gold and 
green. 

B. tiiiua 
(p. 44). 

24-26 
on all 
scales. 

1 pr. 

tail and | 
gills. 

3-3i 

strong, 

smooth. 

silver and 
black. 

B. conchoniua 
(p. 36) 

24-26 

ona-10| 

scales. 

none 

tail 

only. 

2} 

strong, 

serrate. 

silver and 
blcMsk. 

B. ticto 
(p. 43) 

23-26 
on 6-8 
scales. 

none 

tail and 
gills. 

3-31 

strong, 

serrate. 

silver and 
black. 

B. phutunio 
(p. 39). 

20-23 
on 34 
scales. 

none 

streaks 

3-3i 

strong, 

serrate. 

reddish. 

B. aHgma 
(p. 42). 

23-26 
on all 
scales. 

none 

usually 

tailcmd 

gills. 

3i-3f 

weak. 

silver and 
green. 

B. (OyclochaiU- 
ehthya) 
apogon (?) 
(p. 34). 

21, on all 
(T)BcaleB. 

none 

none 

3i 

strong, 

smooth. 

silver and 
black. 


Barbus (Gyclocheillchtiiys) ? apogon (Ouv. and Val.), F.B.I., 
No. 387 Barius apogon. 

D.4/8. P.17. V. 10. A. 3/5. C. 19. L. 1.21. Barbels nil. 

A single very imperfect specimen from the Terai has been 
identified by the Indian Museum as * OydocheiliMhya probably 
apogon ’. Our specimen does not agree -vrell with 0. apogon in 
the count of the lateral line which, though badly marked, was 
certainly not 36-37 as given for this species by Day. 
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We have also a note of a specimen from the Sivoke about 
1920 which 'We cannot now find in our collection. This seems 
to agree to some extent with the above. The description reads : 
‘D,2/8. P. about 10. V. 9. A. 7. C. 19. L. 1. 22. Barbels 
nil.* 

A small fish like a Barbvs. Length of head 4, depth of body 
into the total length. 

Fins: All dorsal rays weak and not serrated. One dorsal 
ray very long, Jrd of total length of fish. (This was not so in the 
otiier specimen).^ 



Tbxt-tio. 30. —Barbus {CyehoheiUchthya) ? apogon (Cuvier Sc 
Valenciennee). 


Colour : Silvery, a black spot nearer the tail than in B, 
conchonius, another fainter but larger one behind the shoulder. 
Top of the orbit black. Fins —^top half of dorsal black, anal 
orange.’ 

Barbus chagunio (Ham.), F,B,I., No. 339. 

Plate 5, fig. 3. 

Synonym :— B, chagunio var. spilopholus (referring to 
males) Day’s Fishes of India, See Hora and Mukerji in Journal 

of the Asiatic Society of Bengal (N.S.), XXVII, p. 137. 

Hindi: UUa WWT; Mechi: Dauha ; Chota-Nagpuri: ^Usaputi 

D. 3/8. P. 15. V. 9. A. 3/5. C. 19. L. 1. 44-i7. 
Barbels 2 pairs. 

Upper profile in front of dorsal more arched than lower; 
snout bold, covered with sunken pores more strongly marked 
and sharply defined in the male. Length of head 4^-5, of caudal 
4|*6, height of body 4-4 J. ' 

Barbels: Bather longer than the orbit. 


1 Note ,—The lengthened dorsal ray was presumably a freak such as 
soaifitiTnon . ooours in fishes. Dr. Hora notM that this is usually a 
seoondaiy sexual oharaoter of the males and that elongation of rays 
ooours in quite a number of speoiee. 
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Fina : Last undivided dorsal ray osseous^ strong with ooiuse 
teeth. Some of the last few anal rays elcmgated in the male. 

Colour : Silvery with a faint pinkish tinge; a black spot, 
at the base of each scale on the upper three-quarters of the hody. 
Fins yellowish, dorsal and caudal with a sufiEused sub-marginal 
band of red touched with black. Pelvios and anal tinged with 
red. The male is more brilliant throughout and the black fin 
tips more marked. 



Text-fio. 31. —Barbus chagunio (Hamilton). Male. 


8ke: We have taken them up to a foot in length. Day 
says they attain at least 18 inches. 

Habitat : Clear streams and rivers in the foot-hills, Terai 
and Duars. Day gives—‘From Orissa, throughout ]^ngal, 
Assam, Bihar, and the N.W. Provinces to the Punjab but not 
record^ fSrom Sind, the Deccan, Western Coast, Mysore, Madras, 
or Burma.’ 

Habita : It has been taken on a fly in the Balasan by casting 
downstream over a boulder into the pool below. 


Barbus conchonius (Ham.), F.BJ., No. 389. 

Plate 5, fig. 13. 

Bengali: Kanchan-puAti 

D. 3/8. P. 11. V. 9. A. 2/6. C. 19. L. 1. 24-26. 
Barbels nil. 

Deeper and flatter than any other of our species of Barbua. 
The lateral-line ceases after 8-10 scales. Length of head 4{-6, 
of caudal 4-4|, height of body 2f times in the total lengib. 

Fina : Dorsal spine osseomi and serrated. 

Colour : Silvery, darker along the back and all scales with 
dark bases. A rounded blaok spot, diffused in young specimens 
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oooapies about 19 and 20 of the lateral line. Fins transparent 
grey or pale yellow; pelvios and anal sometimes tinged with red 
or orange and sometimes dark. Upper lobe of caudal sometimes 
dark, the lower, or sometimes the whole reddish or orange. Iris 
golden or coppery. Day says—‘ opercles lake colour *, we 
have never seen this. 



Tbxt-fig. 82 .—Barhua oonchoniua (Hamilton). 


Bize: Our longest inches. Day says—‘ attaining at 
least 5 inches in leng^ *. 

Habitat: Very common in all clear streams below 2,000 ft. 
Day gives—* Assam, Lower Bengal, Orissa, Bihar, N.W. Pro¬ 
vinces, Punjab, and the Deccan.’ 

Barbus (Lissocheilus) dukal Day, No. 352. 

Plate 5, fig. 6. 

Note, —^This fish, so well known to anglers in Northern 
Bengal under its Nepalese name, Kaiiiy has hitherto been identified 
with B, hexastichua. As Day, in his Fishes of Iridiat records 
that Dr. Duka took the type and several other specimens of 
B. dukai, from the Tista river it seemed strange that we had 
never come across this latter species. On turning up Day’s 
figure of this, drawn from Dr. Duka’s largest specimen, we were 
surprised to find a perfect and unmistakeable likeness of a small 
(7 inch) hcMx, This illustration, moreover, shows 20 scalra on 
the lateral line, thus agreeing with our katti but not with Day’s 
own text which gives 28-29 for B. dukai. This latter number 
appears to be an error by Day which he has repeated in his 
Fauna of British India volume. One of us has since e xam i n ed 
aH specimens of B. hexastichus and B. dukai in the British 
Idhseum but found the two series not easy to distinguish. 


38 


G* S, SHAW ft B. O. SHBBBBAEB 


[VOL. m, 


Assuming them to be distinct we think that no one fa mili a r 
with the katli who examines Day’s plates of B. dukai and B. 
hexaatichus will doubt that Dr. Duka’s fish were kadi, 

Bengali: Bhorkol ^ or Bvluk ^; Nepalese : Katli wwit; 
Lepcha: Mirpunja; Mechi: Kantasi; Assamese: Boka (this 
may refer to B, heocagonolepis), 

D. 3 . 4 / 9 . P. 17. V. 9. A. 2/5. C. 19. L. 1. 25-26.^ 
Barbels 2 pairs. 

In general appearance somewhat like B. tor but deeper, 
copper-coloured rather than golden, including the eye, with slate 
coloured, instead of yellow, fins. The positive distinction is in 
the presence of a double or treble row of even-sized pores below 
the eye. Length of head 5.5J, of caudal 4J-5, height of 
body in the total length. 



Text-fig. 33.— Barhua (lAsBOcihaiiua) dukai Day. 


Colour : Olive green on back; each scale above the lateral 
line copper-coloured at the edge deepening to bronze-green 
at the base. Below the lateral line the scales are pale slate- 
coloured fading to pure white on the belly. Fins deep slate- 
colour paling towards their margins. Iris bright coppery red. 

Size ; Rarely, if ever, exceeding 10 lb. in our area, but 
W. Nelson records a Katli of 26 lb. caught by him in the 
Champamoti near Gorubasha (Assam). 

Habitat : In all rivers and clear streams in the foot-hills, 
Terai and Duars. Day gives—‘ Tista-^Jiver, Darjeeling whence 
Dr. Duka sent me several examples.’ 

Habits : Very similar to those of the Mahseer. As a sporting 
fish there is nothing to chose between them, weight for weight. 
It is unfortunate that, as both take the same lures, and are found 
in the same water, the smaller species is often taken on much 
too heavy tackle which, does not give him a chance to show 
his power. 


1 One Bpecimen in the British Museum, L. 1. 28 on one side and 
25 on the other. 
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Barbus phutunio (Ham.), F.BJ., No. 394. 

Bengali: Phuluni-puiUi 

* D. 2-3/8. P. 16. V. 9. A. 3/6. C. 19. L. 1. 20-23. 
Barbels nil. 

Very like a small B. conchonitia. The lateral line only 
extends for 3 or 4 scjales from the gills. Day gives—‘ Lengtn 
of head 4-4f, of caudal 4, height of body 3-31 in the total 
length.’ 

Fins : Dorsal spine serrate. 



Tbxt-fio. 34 .—Barbus phutunio (Hamilton). Greatly enlarged. 


Colour : Dirty white (reddish-brown Day) with two vertically 
elongated dark spots, one from the back to the base of the pectoral 
and another from the back to the base of the anal. According 
to Day, these grow shorter with age. There is an ill-defined 
dark heand on the dorsal. 

Size: Our longest 1 inch. Day says—‘ attaining 3 inches ’. 

Habitat: Ours from the Panchenai River (Terai). Day 
gives—* Ganjam, Orissa and through Bengal and Burma.’ 

Barbus putitora* (Ham ), F.B.I,, No. 353 Barbits tor, in part. 

The Mahseer. 

Plate 6, fig. 7. 

*Note ,—^Hora and Mukerji in a paper on the fishes of Dehra 
Dun, written after their tour there in 1936, have shown that the 
original B, tar of Hamilton Buchanan is the red-finned Mahseer 
or Mahhni of Dehra Dun which does not 6cour in our area. Our 
Mahseer, Imown as the yellow-finned Mahseer in Dehra Dun, is 
identical with Hamilton’s B, piUitora, 

Bengali: Tor Mahaser, or Mahasdl nftm or mtnm ; 
Nepalese: Sor machha ^ mw or Saar wtt ; Meehi: Jungia 
(some call the light variety Jarngia and the dark Tor), 
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D. 3/9. P. 19. V. 9. A. 2-3/6. C. 19. L, 1. 26-27. 
Barbels 2 pairs. 

In mature fish the dorsal and ventral profiles are nearly 
parallel, in young fish the dorsal is more ^ohed. lips very 
extensible, no pores on snout. In some specimens of l^th sexes 
lips and snout are greatly swollen, apparently a breeding phase. 
Length of head 4J.4|, of caudal 6-6|, height of body 5} in lie 
total length in mature fish; in smaller specimens these ratios 
are : head 5, caudal height 4^. 



Tbxt-ipio. 36 .—Barbus putitora (Hamilton). 


Barbds: Maxillary longer than rostral and extending to 
below the last third of the eye. 

Fins: Spine of dorsal smooth but strong. 

Colour: Olive green on back and top of the head, scales 
above the lateral line golden with dark bases, those below paling 
progressively to the white of the belly. Pins yellow, the lower 
ones often tinged with red; extreme redness of the lower fins 
sometimes associated with thick lips. Iris golden. A variable 
fish which appears to develop local varieties as the types which 
we recognize in our area do not agree with those described else¬ 
where. We distinguish three types, one darker and deeper 
and another slenderer and more silvery than that described 
above which is the intermediate and commonest form. One of 
our photographs of a specimen of the silveiy type shows a dark 
band along the lateral line which we have seen more pronounced 
in photographs from Burma. The dark variety is in shape 
and colour intermediate between the typical B. putitora and 
B. dukai, but has no pores below the eye like the latter.^ 

Size: The heaviest fish which we know of having been 
caught in oiu* area weighed 54 lb. and was caught by Mr. Ritchie 
at the junction of the Biyang with the Tista in August 1921. 
We believe the heaviest Mahseer ever caught on rod and line 
was Col, Bivett Camac’s from the Cauveri river which weighed 
1191b. 


^ X believe the three Mahseers referred to by Shaw and 

Shebbekre are (i) B.puMora, head longer than height of body, 

(ii) B. hemsUehus MoCiellaiid, head as long as height of body, and 

(iii) B* tpf, head (Sorter than height of body. It is quite possible that 
the large-sealed Barbels of Assam also ooour in this area.--iS. B. Boro, 
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HaMkU : Small fish up to a few inches in length may be 
found in any^ clear gravelly stream in the Duars or Terai. 
Broadly speaking the larger the river the larger the Mahaeer run. 

—‘generally throughout India, but in the largest 
size and greatest abundance in mountain streams or those which 
arerod^ ^ 

Habits : Considering that the Mahseer is the premier sporting 
fish of India, surprisingly little is known of its habits. They 
are said to have no defi^te spawning season but to lay their 
eggs a few at a time; we have, at any rate, taken fish with eggs 
throughout the cold weather. Judging by the distribution of 
young fish it would seem that they select slow, shallow, streams 
with gravelly beds to spawn in. We have also seen a few large 
fish in such streams. There seems to be no doubt that Mahseer 
appear to be travelling towards the headwaters of rivers at the 
beginning of the rains and downstream at the end, but this move¬ 
ment may be merely to avoid spates and be unconnected with 
spawning. 

Barbus sarana (Ham.), No. 341. 

Plate 5, fig. 2. 

Bengali (local): Kurti (Lower Bengal) Sama-putUi 
; Rabha : Na-Gheren, 

D. 3/8. P. 15. V. 9. A. 3/5. C. 19. L. 1. 32--34. 
Barbels 2 pairs. 



Tbzt-ho. 86. — Barbus sarana (Hamilton). 


Body de^, moderately compressed. No pores on the snout. 
L6n^ of head 5.6i, of caudal 4|.5, height of body 81-31 in the 
total length. 
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JBarbeh: Boatral as long as the orbit; maxillaxy a little 
longer. 

Fins: Dorsal spine finely serrate. 

Colour : Silvery, darker on the baok, a golden blotoh on 
the operole ; sometimes a small dark spot behind the gill-opening. 
Young have a faint black spot covering 25th to 28& so^es on 
the lateral line. Fins greyish-white, caudal, pelvic and anal fins 
tipped with red. 

Size: Our longest 10^ inches; ‘ at least a foot 

Habitat : Clear streams of the foot-hills, Terai and Duars 
also ponds and borrow-pits. Day gives—‘ Sind and the Punjab, 
throughout India, Assam, and Burma.* 

Barbus stigma ^ (Cuv. and Val.), F.BJ., No. 398. 

Plate 5, fig. 1. 

Bengali: PuAti ; Mechi: Pvii-krei. 

D. 3/8-9. P. 17. V. 9. A. .3/5. C. 19. L. 1. 23-26. 
Barbels nil. 

Very like B. titius in general appearance but lighter 
and more yellowish in colour (owing to the colour of the bases 
of the scales), and without barbels. Lateral line complete. 
Length of head 4f-6, of caudal 5, height of body 3-3| in the total 
length. 

Fins : Dorsal spine rather weak, entire. 



TaxT-na. ai,-—Barbus stigma (Cuvier and Valenoiennes). 


Coiour: Silvery with yellowiBh bases to the scales. Usually, 
but not always, a black spot with diffuse edges covering the whole 
of 20th scale on lateral line and partly covering the 6 adjacent 
scales. There is a smaller black mark close to gill-opening and 
an orange-golden spot just behind and below the eye. Fins 


1 This is the same firii as Bariut .ophon (Ham.). 
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almost oolourless, a diffuse transverse dark band on dorsal 
(or sometimes a dark central spot). A reddish or orange wash 
on outer margin of dorsal and tips of i)elvios and anal, the 
form^ the brighter. Pectorals sometimes yellowish. 

Size : Our longest 4 inches. Day—‘ at least 6 inches *. 

HMtcU: Very common everywhere below 2,000 ft. Day 
gives—‘ Sind, throughout India and Burma as high as 
Mandalay.’ 

4 

Barbus ticto (Ham), No. 390. 

Plate 5, fig. 10. 

Bengali: Tita-punti 

D. 3/8. P. 15. V. 9. A. 2/5. C. 19. L. 1. 23-26. 
Barbels nil. 

Not so deep as most of the black-spotted barbels. The 
lateral line ceases 6-8 scales from the gill opening. Length 
of head 4f-6, of caudal 4J-5, height of body 3-3J in the total 
length. 

Fins : Dorsal spine strong, osseous and serrated. 

Colour: Silvery, with two black spots on the lateral line, 
a smaller one a short distance behind the gills, on scale 3, and 
a larger one behind the base of anal, involving scales 18 to 21, 

In the C.P. this fish turns brilliant red on the flanks and 
olive-green on the back from March to Septemb^. We did 
not notice this change here. Dr. Hora informs us that these are 
colour changes assumed by the males at the time of breeding. 

Size: Our longest 1*4 inches. Day—‘rarely exceeds 4 
inches 



T 3 BXT- 7 ia. 38 .—Barbus ticto (Hamilton). 


Habited: Our specimens are from the Mahanadi and 
Panchenai Rivers of the Terai. Day gives—* Sind, throughout 
India and Oeylon.’ 
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Barbus titius (Ham.) 

1822. Oyprinus titius, Hamilton* Fish, Chmgest p. 315. 

Plate 5, fig. 5. 

Bengali: PwhJti ; Mechi: Na-pUikri ; Babba: Nct^Nidten. 
D. 2-3/8. P. 17. V. 9. A. 2/5. C. 19. L. 1.'24-26. 
Barbels 1 pair. 

One of the several species of deep, compressed forms of 
Barhua known as Puii, Length of head 4J-6 (4-4J Day), of 
caudal 4J-5, height of body 3-3i in the total len^h. 

Barbels : Maxillary, thin and frd length of orbit. 

Fins : Dorsal spine osseous, smooth. 



Text-tio. 39 .—Bwhus titius (Hamilton). 


Colour : Silvery with a black spot at the gill-opening and 
a larger one on the lateral line involving the 19th to 2lst scales 
(18th to 20th, Day), Fins yellow, pelvics and anal with a 
reddish wash. 

Size: Our longest 5 inches. Day says—‘ up to nearly 5 
inches 

Habitat : Streams of Terai and Duars; also in ponds and 
borrow-pits. Day gives—‘ Orissa, Bengal, Assam, N.W. 
Provinces, Punjab and Sind, also the Deccan.’ 

[Gatla catla (Ham.)], F.B,I,, No?932 Cotta buehomani. 

Plate 5, fig. 9. 

Bengali: Katta ; Hindi: Chepii 

D. 3-4/14-16. P.21. V. 9. A. 3/5. C. 19. L. 1. 38-43. 
Barbels nil. 

Body deep, modera^ly compressed, head broad, mouth wide^ 
lower jaw prominent with lip doubled outwards below. Length 
of head 4^-4}, of caudal 4^-4f, height of body 3-3| in the total 
length. 
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Fins : Caudal deeply forked. Pelvies ‘ in males extends 
to the anal (Day) 

Colour : Dark grey above, silvery on the sides and white on 
the •belly. Scales, except those of the belly pink or coppery 
in the centre. Fins very dark grey (* in some specimens nearly 
black \ Day) except the base of pectoral which is paler. 



Tbxt-sio. 40. — CcUla caUa (Hamilton). 

Size: Day says it attains at least 6 feet in length 

Habitat : We have only seen them exposed for sale in 
bazaars. Day gives—‘ In fresh or brackish water—Sind, Punjab, 
through India to the Kistna, eastwards through Bengal, and 
Burma to Siam. This fish is largely employed for stocking 
tanks.’ 

[The range of CcUla caUa (Ham.) does not extend to Siam where it is 
replaced by an allied form OctUocarpio siamenais Blgr.—S. L. Hora.] 

Habits : Day says it is said never to take a bait but rises 
to natural fly. 

[Girrhina mrigala (Ham.)], F.B./., No. 321. 

Bengali: Mrigala ijitfn; Nepalese : Mirgal 

D. 3/12-13. P. 16. V. 9. A. 3/6. C. 16. L. 1. 40-46. 
Barbels 1 pair. 

Very like a Labeo but with a wider *^outh and thin lips. 
Pores on the snout in our specimens (' pores present or absent ’, 
Day), Lower jaw has a small tubercle in the centre. Day 
gives—* Length of head 6-6J, of caudal 6, height of body 4-6}, 
in the total length.’ 

Barbels : Small in fold of lip. 

Fins: Caudal sharply forked. Scales : Large. 
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Coloiir : Dark grey along the back, silvery on the sides and 
below. Day says—‘ sometimes having a coppery ti^; pec¬ 
toral, ventral {i e. pelvios) and anal, orange stained with black. 
Eyes golden 



TBXT-na. 41 .—Ctrrhtna mrigcHa (Hamilton). 


Size: Day says—‘ growing to 3 feet in length. I have 
taken it in Rangoon 18 lb. in weight ^ 

Habitat : We have only seen them exposed for sale in Siliguri 
bazaar. Day gives—‘ Rivers and tanl^ in Bengal, Deccan, 
N.W, Provinces, Punjab, Sind, dutch, and Burma. It is an 
excellent species for stocking tanks with.’ 

Habits : It is said to give the best sport on rod and line 
of any tank-fish in Bengal. 


Girrhina reba (Ham.), F.BJ,, No. 323. 

Plate 2, fig. 9. 

Bengali: KharkebcUa or Raig ; Hindi: Rewa 

tWT, (Chapra district); Mechi: Na-bhangna, 

D. 2.3/8-9. P. 16. V. 9. A. 3/6. C. 19. L. 1. 86-38. 
Barbels one pair. 

The description of C, mrigaia will apply to this fish except 
that the barbels are rostral, short and rather stiff. (According 
to Day they may be absent.) Upper lip fringed in young. 
* Pores on snout present or absent.’ (Day) Length of head 
6-6|, of caudal -5^, height of body 4-6 in the total length. 

Barbels : See general description above. 

Fins: Caudal deeply forked; lobes i^arply pointed. Scales 
hexagonal. 

Colour : Dull silvery, scales darkest at their upper and 
lower edges forming bluish longitudinal lines above, and for 
two or three rows below, the hiteral line. Pelvios and anal 
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tipped with orange. ‘Young have aometimea a leaden band 
along the aides.’ {Day) 



Tbxt-fio. 42 .—Ovrrhina reha (Hamilton). 


Size : Ours up to inches long. Day says one foot. 
Habitat : Rivers and clear streams in the Terai and Duars» 
Day gives—‘ Throughout India.’ 


Grossochellus latia (Ham.), F.BJ., No. 322 Cirrhina laiia. 
Plate 2, fig. 12. 

{Note ,—^For sometime we confused this fish with Chrra 
anrumdcHeiy hence the vernacular names we have recorded for 
both are open to doubt.) 

Hindi: Qaurm 

D. 3/7-8. P. 15. V. 9, A. 2/5. C. 19. L. 1.38-40. Barbels 2 pairs. 



TBXT-na. 43 .—CroesocheUua latia (Hamilton). 

A very variable species (see Mukerji’s note on the different 
races, Bombay Nat. Hist. Soc, Journal^ XXXVIII, 1st part, 
1934). It resembles Qarra anrumdalei but is a slenderer and 
more graceful fish and has a more deeply forked caudal fin with 
more pointed lobes. Length of head 7 {Oarra 5-5J), height of 
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body 6f (Oarra 5-6), vent to base of caudal (Chfffo 4J), heigbt 
of caudal peduncle 12 (Otvrra SJ) in total length, 

Barb^ : Bostral pair half the length of the maxillary. 

Colour : Grey above, with less colour than Oarra, silvery 
beneath. 

Size : Our longest 6 inches ; Day says it attains 8 inches. 
Habitat : All hill streams from plains level to 2,000 ft. 
Day gives—* Sind, Orissa, Bengal, N.W. Provinces, Punjab, 
Deccan, and along the Himalayas.’ 

Habits : It behaves very like the Garras adhering to stones 
in stream beds. 

Garra annandalel Hora. 

1921. Oarra annanddlei, Hora, Bee, Ind, Mus,, XXn, p. 657* 

{Note, —^For some time we confused this fish with Grosso- 
cheilus latia, hence the vernacular names we have recorded for 
each are open to doubt.) 

Nepalese: Lohari 

D.2/9. P.14. V.9. A. 2/6. C.21. L. 1.34-38. Barbels 2 pairs. 




Tbxt-pio. 44 .—Oarra annandalei Hora. 


£ 05 - 


Very like 0, gotyla in all respects except that it has no 
groove across the snout nor tubercles u^n it.. 

Size : Our longest was 6 inches? 

Habitat : Found in the same streams as 0, gotyla but less 
common. 

Garra gotyla (Gray), No. 279 DiscognaXhus lamta^ 

in part. 

Bengali: Ohor-poia ; Nepalese: Budena* ; 

Lepeha: Momut ; Mechi: ChUtuka ; Babha; Shetoka or SiUoka. 

^Note ,—^The Nepalese word budena is also applied to a 
short, heavy kukri and probably refers to the stumpy shape 
of this fish. 
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D. a-3/8-9. P. 15. V. 9. A. 2/6. C. 17. 
Barbels 2 pairs. 


L. 1. 32-34. 


r elongated, sub-cylindrical, mouth semi-circular in- 

ferlbr, a suctorial disc on the chin, upper lip fringed. Snout 
covered with pores or with conical tubercles and has a deep 
groove across it forming a proboscis. This groove is not 
determined by sex or by locality. Length of head Sf (5-51, 
-Day), caudal 5-6J (-Day), height 5-6 [Day) in total length. 



TaxT-ria. 45 .—Qarra gotyla (Gray). 


Barbels : One pair rostral and one pair maxillary, both 
about the length of the orbit. 

Firis : Caudal shallowly lobed. 

Colour : Yellowish to coppery green, fins darker and may 
be fringed with yellow or red. Sometimes a dark spot behind 
gill-opening. 

Size : ‘ At least 8 inches in length.’ (Day) 

Habitat : Common in all clear streams from plains level 
to at least 1,600 ft. (Eiyang River). Day gives:—‘Frewn 
Syria throughout India and Ceylon to the Tenasserim provinces, 
and likewise found in Abyssinia and at Aden.’ 

Day’s D, lanUa, however, includes also O. annanddlei which 
has no proboscis and no tubercles.) 

[Oorra gotyla (Gray), as restricted at the present day, is found in the 
Cftdndwin drahiage of Burma, Assam hills, along the mcoalayaa and 
the Vindhyas. A variety of this species has also been desorib^ firam 
Ceylon.—S* L. Hora.] 
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Otnua LABEO. 

The remaining genera of the CARPS mostly lack the shining 
appearance of those already desoribed; they are leaden rather 
than silvery. In Labeo the general colour is leaden though* 
often the centre of each scale is paler than the margin, often 
pink or reddish (this is so in Catla caUa also). These dark 
margins may coalesce to form dark, horizontal lines along the 
rows of scales (this is so in Cirrhina reba also). The lips 
and snout are fleshy, the lips being continuous round both jaws 
and the snout often covered with pores. Labeo are found in 
tanks and rivers, where they seem to be bottom-feeders. 

It is not easy to key the somewhat variable species which we 
have found in our area. 


L.L 71-84 
L. 1. 37-44 

22-24 branched dorsal Taiys 
13-16 branched dorsal rays :— 

Height 31^-4 in total length 
Height 4-4} in total length 

11 branched dorsal rays :— 

Mouth wide (2} in length of head) .. 
Mouth narrow (3} in length of head) 

9-10 branched dorsal rays :— 

A groove across snout 
No groove across snout:— 

Height 4-4} in total length 
Height 5-5} in total length 


L. goniua p. (64)' 
L. nandina (p. 55) 

L, calham (p. 52) 
L, rohita (p. 67) 


L, dyocheilua (p. 53) 
L, panguaia (p. 56) 


L, dero (p. 53) 

L, bata (p. 50) 
L, hoga (p. 51) 


Labeo bata (Ham.), F.BJ., No. 306. 

Bengali (local); Bhangna (?) (Lower Bengal) Bhangan- 
bata ; Mechi: Lengsa (?)« 

D. 2-3/9-10. P. 18. V. 9. A. 2/6. C. 19. L. 1. 37-40. 
Barbels 1 pair. 

We have only obtained one specimen identified as this 
species (by the Indian Museum) amd our oiJy notes on this, 
other than the vernacular names, are to the effect that it was a 
much more graceful fish than L, boga, which it otherwise 
resembled but had a narrower snout (Day gives the width of 
mouth for this species 3^ into length of head as against 3 for 
L. boga). We have therefore extracted the following from 
Day: Len^ of head 6}-5|, of caudal 6-5^, height of body 4-4^ 
in the total length. 

OoUmr : * Varies with the age of the fish ; generally silvery, 
darkest along the back, and with the lower fins stained 
orange. Fine black dots on all the fins. When about four inches 
long there are three or four small black spots on the 6th and 6th 
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scales on the lateral line, which gradually and almost entirely 
fade as age advances.’ 

Size: Our specimen was 6f inches. Day says—* attains 
neajly 2 feet in length.’ 



Text-pio. 46 .—Labeo bata (Hamilton). 


Habitat : Our only specimen was from the Apalchand River 
in the west of the Duars. Day gives—* From the EZistna and 
Qodavery Rivers, through Orissa, Lower Bengal, and Assam. 
Extensively used for stockmg tanks.’ 


Labeo boga (Ham.), F.B./., KTo. 309. 

D. 2-3/9-10. P. 16. V. 9. A. 2/5. C. 19. L. 1. 37-39. 
Barbels 1 pair. 



A somewhat robust fish. There are no lateral lobes to 
the snout which has a few large pores. Day gives—* Length 
of head 5J-6J, of caudal 5, height of body 5J-6|.' 

Barbds : We have not found any ; Day says there are two 
minute maxillary ones. Lips rather thick. 
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Fins: Caudal deeply forked. 

Colour: Dark above, silvery on sides and below. Some¬ 
times a dark spot on the shoulder. Opercle coppery. Pins 
covered with fine black dots, caudal quite red. Day gives— 
‘ Orange, with the fins of a reddish tinge.' 

Size : Our longest 1 foot. Day gives—‘ Said to attain 
a foot in length*. 

Habitat: All our specimens are from the Jaldhaka River 
(Duars). Day gives—‘ Rivers of the Gangetic Provinces, 
Madras, and Burma.* 

Labeo calbasu (Ham.), F.B.L, No. 293. 

Plate 6, fig. 11. 

Bengali (local): Kursha (Lower Bengal) Kalbaus 
or Kdlbasu 

D. 3/13-16. P. 19. V. 9. A. 2/5. C. 19. L. 1. 40-44. 
Barbels 2 pairs. 

A deep, stockily-built fish. Mouth rather narrow, snout 
obtuse and depressed, no lateral lobe. Pores on snout and upper 
lip, chin slopes away sharply from mouth. Length of head 
6-6, of caudal 4-6, height of body 3| (4, Day) in the total length. 

Barbels : Rostral barbels slightly longer than maxillary 
and about equal in length to diameter of orbit. 

Fins : Caudal deeply forked. 



Text-xio. 48.—JDa56o oaXbasu (Hainilt(ni). 


Colour: Dusky—each scale with a pinkish buff (or even 
scarlet) centre and a dark (even blackish) margin; the margins 
sometimes form dark longitudinal lines. Pins dark. Iris rich 
coppery. 

Size : Our largest specimen 20 inches long. Dav writes— 
* It grows to three feet in length.* 
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Habitat : Deep pools in clear sluggish streams (e,g. Bania 
River) such as occur towards the South of our area. Day gives— 
* Punjab, Sind, Cutoh, Deccan, Southern India, and Malabar, 
from the Kistna, through Orissa, Bengal, and Burma.’ 

Habits : It is said to be a tank fish and we understand 
that it gives good sport on rod and line. 

Labeo dero (Ham.), No. 302 Labeo diplosUmus^ in part* 

Plate 2, fig. 7. 

Bengali: Kursha (?) otKatalhusi ; Hindi : Bongsa 

^tirWT; Nepalese : Ourdi or Qoddi jftft; Mechi: Phunkeita^ 

D. 2-3/9-10. P. 17. V. 9. A. 2/5. C. 19. L. 1. 41-44. 
Barbels 1 pair. 

More slender than the species of Labeo hitherto described. 
The snout has a more or less deep groove across it and is covered 
with pores. There is no lateral lobe. Length of head 5-5^, of 
caudal 4f-5, height of body 5-5 J in the total length. 



Text-tig. 49 .—Labeo dero (Hamilton). 


Barbels ; A small maxillary pair, not always foimd. 

Fins : Caudal deeply forked, upper lobe sometimes slightly 
the longer. 

Colour : Dull silvery grey darkest along the back. Scales 
often, but not always, tinged with red or with a red vertical 
line on each one. Margins of scales sometimes forming dark 
longitudinal lines on flails. Dorsal and caudal fins grey tinged 
with red, other fins salmon coloured. 

Size : Our longest lOJ inches. 

Habitat : Streams and rivers of the Terai and Duars; 
in the hills only in the larger rivers. Day gives—‘ Along the Sind 
hills and Himalayas also in the Brahmaputra in Assam 

Labeo dyocheilus (McClell.), F.BJ., No. 303. 

D. 2/11. P.17. V.9. A. 2/5. C. 19. L.1.43. Barbels 
1 pair. 
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J^ote.—Five of our Labeo were identified as this speoies by 
the Indian Museum; we cannot distinguish them from young 
If. pangusia, but see Mukerji's note on the different races, 
Bombay Nat. Hist. 8oc. Journal^ XXXVII, 1st part (1934). 
A very variable speoies. 



Tbxt-fiq. 60 .—Laheo dyocheilue (McClelland). 


From Day’s ‘ Fishes of India ’ the following appear to be the 
differences between the two species :— 


L. dyocheilua, 

P. 17. L. 1. 43. 

Length of head 5-6^, of caudal 
6} in total length. 

Mouth wide, 2-2) in length of 
head. 

Sometimes depression across snout. 
P. reaches V. and V. reaches base 
of A. 


L. pangusia. 

P. 16. L. 1. 40-42. 

Length of head 6)-6, of caudal 
4i-6 in total length. 

Mouth narrow, 3} in length of head. 

No depression across snout. 

P. does not quite reach V. nor V. 
reach base of A. 


Size : Our longest specimen 4*64Hches. Day says—‘ attains 
at least 3 ft. in length ’. 

Habitat: We do not know in which stream our specimens 
were obtained. Day gives—‘Sind hills and along the Himalayas 
to Sikkim and Assam. It is common in Assam 


Labeo gonius (Ham.), No. 296. 

Plate 2, fig. 11, 

Bengali: Kurchi frtt or Ooni i|p. 

D. 2-3/13-14. P. 17. V. 9. A. 2/6. C. 19. L. 1. 71-84. 
Barbels 2 pairs. 
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Body not so deep as in L. nandina and oaXbaau. Snout 
prominent and with numerous pores but without a lateral lobe. 
Jlouth narrow with extensible lips which are fringed, liength 
pf head 6-6J, of caudal 6-6J, height of body 4-4J in the 
total length. 

Barela : Minute. 

Fins : Caudal deeply forked, both lobes pointed. 



Tbxt-fio. 51.— Labeo goniua (Hamilton). 

Colour: Greenish along the back becoming lighter on the 
sides. Scales with dark margins giving the effect of dark longi¬ 
tudinal lines, ‘ many (scales) having red lunules.’ (Duy) 

Habitat: One specimen from South Borajhar forest (Eastern 
Duars), also exposed for sale in Siliguri bazaar. Day gives— 
‘ Indus in Sind, through the N.W. Provinces, Bengal, and Orissa 
to Ganjam, as low as the Kistna, Assam and Burma.’ 

Size : Our specimen 5-9 inches long. Day gives—* Up to 
nearly 6 feet in length.’ 

[Labeo nandina (Ham.)], F.BJ., No. 290. 

Plate 6, fig. 12. 

Bengali: Nandi 

D. 2-3/22-24. P. 16. V. 9. A. 2/6. C. 19. L. 1. 42-44. 
Barbels 2 pairs. 

A somewhat robust fish both profiles, but especially the 
dorsal, curved; slightly concave above the eyes. Snout obtuse, 
pro jeoting slightly beyond the jaws andthaving no lateral lobe. 
Width m mouth I length of head. * Lips thick and fringed, 
with a distinct inner fold above and below.’ {Day.) Length of 
head 4|-6, of caudal height of body 3^ (4, Day) in the 
total length. 

Barbela : Short. 

Fins: Caudal deeply forked. 
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Colour: Dark greenish above becoming lighter below; 
many scattered soales orange-red. Day says—‘ A few olondy 
blotches along the sides.’ Iris red. 



Tsocx-ina. 62 .—Labeo tuincUna (Hamilton). 


Size : Our specimen inches. 

Habitai : We have only found this fish exposed for sale 
in Siliguri bazaar. Day gives—' Bengal, Assam, and Burma.’ 

Labeo pangusia (Ham.), F.BJ., No. 304. 

Plate 2, fig. 6. 

Bengali: Utti Nepalese : Ter-mas Tera or 

Dhemkaram ; Tharu: Rewa tvi; Assamese : Lam. 

D. 2/11. P. 16. V. 9. A. 2/6. C. 19. L. 1. 40-42. 
Barbels 1 pair. 



TaxT^no. 58 .—Lahw panguaia (Hamilton)* 


Very like L, df/ochcUui without the groove across th e 
Miout and with very distinct lateral lobes. The snout, too* 
u very obtuse with a large frontal area covered with pores above. 

oaudal 4^-6, height of body 4|.4| in the 
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Baroda : Short, maxillary, oonoealed in labial fold. 

Fins : CSaudal deeply forked ; the lower fins in this species 
are slightly shorter than in L, dyockeilua. 

Colour ; Dull grey-green, lighter on the aides and beneath. 
Fins sometimes tinted red. * Sometimes each scale has a dark 
mark.’ (Day) 

Size : Our longest 25J inches. 

Habitat: From the largest rivers to the smallest, dear- 
water, streams in the Duars and Terai. Day gives—‘ Himalayan 
range and generally through Sind, the Deccan, N.W. Provinces to 
Bengal, Cachar, and Assam.’ 

HMta : A large proportion of these fish in a poacher’s 
catch is, we believe, an indication that d 3 mamite has been used. 
This suggests that they remain at the bottom of deep pools 
where the effect of the charge might be supposed to b(‘ greatest. 

Labeo rohita (Ham.), F.B./., No. 297. 

The Rohee. 

Bengali: Bui ; Hindi: Bohu . 

D. 3/12-13. P. 17. V. 9. A. 2/6. C. 19. L. 1. 40-42. 
Barbels one or two pairs according to Day ; none in ours. 

Very like L, nandina in general appearance ; snout with 
no lateral lobe. Day gives—‘ Length of head 4J-5, of caudal 
4J, height of body 4^ in the total len^h ’. 



Text-fio. 54 .—Labeo rohita (Hamilton). 


Barbda : / V»w»THing to Day there is ‘ a short and thin 
maxillary pair. A rostral pair is said to be sometimes present 
Wins: Caudal deeply forked. 

Ociow. ‘Bluish or brownish along the back, becooting 
silvery on the sides and beneath.’ {Dwy.) Ours were grey 
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above, scales with dark margins and red centre or sofiietimes 
orange buft inside a dark edging. Fins diffusely banded grey and 
red. 

Size : The largest we have measured was 29^ inches long. 
Day says it attains three feet or more. 

HMtat : Deep pools in clear sluggish streams (e.ff. Bania 
Biver) such as occur towards the south of our area. Day gives— 
‘ Fresh-waters of Sind, and from the Punjab through In^a and 
Assam to Burma ’. It is largely used to stock tanks. 

Habits : It is caught in tanks on rod and line and said to 
give good sport. 

Rohtee cotio (Ham.), F.BJ,, No. 417. 

Bengali; Mauwa ; Hindi (Bihar): Ourda 5 ^. 

D. 11-12(3-4/8). P.13. V. 10. A. 29-36(2-3/27-33). C. 19. 
L. 1 . 65-70. Barbels none or rudimentary. 

‘ Profile over nape concave, from thence a great rise to the 
baee of the dorsal fin, upper jaw slightly the longer.* (Day) 
Length of head 5 J- 6 , height of body 3-3 J in total length. 



Tbzt-fio. 56. —Eohtee eqjtio (Hamilton). 


Colour : ' Silvery, darkest along the back and sometimes 
with a silvery lateral band. Some have a black blotch before 
the base of the dorsal fin, and another on the nape.’ (Day) 

Size : Day gives—* Attaining at least 6 inches.’ 

Habitat ; We have only one specimen from our area—the 
Apalchand Biver in the Western Duars, but it is sometimes 
sold in Siliguri bazaar. Day gives—‘I^m Sind throughout 
India (except the Malabar Coast and south of the Eastna) and 
Burma.’ ^ 


^ Mukerii notes that R, etOio in replaced in Bunna by another ipeoies 
JB. dawMuetR/^* 
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Semlplotus semiplotus (MoClelL), F.BI., No. 326 SmipMua 

macckUandi. 

Plate 6, fig. 8. 

Bengali (local): Badan^i ; Nepalese: Chepti ; 
Meohi: Darangni, 

D. 3/24.26. P. 16. V. 10. A. 2/7. C. 19. L. 1. 27-33. 
Barbels nil. 

Body deep but not much compressed laterally. Snout 
thick and prominent with a very distinctive row of open pores 
above the mouth. Mouth wide, inferior. Length of head 6^-6, 
of caudal 4-4 J, height of body 3|-3f in the total length. 

Fins : The last undivided ray of dorsal strong and osseous, 
the first few branched rays much longer than the rest. Caudal 
deeply forked with pointed lobes. 



Tezt-fig. 56 .—SemipUOuB aemiplotuB (Modelland). 


Colour: Dull silvery, darkest above. Fins yellowish, the 
lower ones sometimes tinted orange. When seen in the water 
there appears to be a dark mark at mid-body passing over the 
back but this is not visible out of water. 

Size : We have taken them up to 9 inches in length but they 
are usually smaller. Day says they attain two feet. 

Habitat : In all clear streams of thei, lower hills, Terai and 
Duars, particularly in moderately slow water where it ia one 
of the commonest of our fishes. Day gives—‘ Rivers in Assam, 
especially in the upper portion of that district, but found as 
lowasGtoalpara; also Burma.’ 

HcbiU : Griffiths says that it refuses all baits and we have 
never known it taken on rod and line. 
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Group V.—THE CAEPS WITHOUT LABQE SWIM- 
BLADDERS. 

Psilorhynchus balitora (Ham.), No. 278. 

Plate 2, fig. 3. 

Hindi: Titari finrift. 

D. 2/7-8. P.17. V.9. A. 2/5. C. 18. L. 1. 35. Barbels nil. 

Back very much arched, under surface fiattened, head 
somewhat depressed. ' Length of head 5|, of caudal 5, height 
of body 5 in the total length.* {Day). But for the absence of 
barbels looks very like a young Oarra. 

Fins : Dorsal in advance of pelvics, pectorals and pelvios 
nearly horizontal, the outer 7 rays of the former and two of the 
latter unbranched. • 

Mouth : Small, below tip of snout. 



Tazr-via. 57.--‘P9Uorhyn6hw balitora (Hazuilton). 


Odour: Yellowish grey to brown (* reddish-brown *, Dcty} 
with diffuse darker blotches. 

Size: Our longest inches. 

Habitat: Streams of the Terai and Duars. Day gives— 
* Hill streams and rapids in N.E. Bengal and Assam.” This 
species has been recently recorded for the first time from Burma 
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by Mnkerji [see Jomn. Bombay Nat. Siat. 8oe., X XX VI, pp. 
829-S31 (1938)]. 

PsUorhynchus sucatlo (Ham.). 

1822. Oyprinua auccUio, Hamilton, Fish, Oangea, pp. 347, 393. 

Note ,—^This fish has been confused by Day with Homaloptera 
bilineata Blyth. See Mukerji’s note in Bombay Nat, Hist. 8oc, 
Journal, XXXVI, pp. 823-828 (1933). 

D. 2/7-8. P. 4/9-10. V. 2/7-8. A. 2/5. L. 1. 36-38. 
Barbels nil. 

Head markedly depressed and spatulate, otherwise very 
like P. balitora, ‘ The length of the head -is contained about 5 
times in the length of the body excluding the caudal fin. The 
depth of the body... .is contained times in the length of the 
body’ (Hora, BeCs Ind. Mus., Vol. XXll, p. 731, 1921). Eyes 
large, 3 diameters in length of head. 

Fins : ‘ The dorsal fin commences in advance of the ventrals 
(i.e. pelvics) and its origin is much nearer the tip of the snout 
than to the base of the caudal fin.... The caudal fin is..., 
deeply forked. Both the lobes are pointed; the upper is slightly 
longer than the lower.’ (Hora, op, eit.) Paired fins horizontal. 



Tte-lio. 6B.—PsUorhynchus aueatio {HamUton)". (Copied from Bae. Ind, 

Mua.) 


Colour: Light brown with irregular black blotches above 
and below the lateral line. Hamilton describes it as—‘ greeiwh, 
with scattered dots; on the sides these are collected into 
olouds, and below the body is whitish and diaphanous.’ 
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Hora (op. cit.) describing Annandale’s and Shaw’s specimens 
from the Mahanadi and Sivoke rivers writes—“five broad, 
clouded vertical bands on the body and a number of stripes 
on the caudal fin.* We have a note (by Shebbeare) on a fish 
from either the Sivoke or Qulma River—‘Reddish-yellow. 
Each scale with two dark brown horizontal lines, scales below 
the lateral line with brown spots *. 

Size : Our longest inches. 

Habitat : Clear rapid streams of the Terai (Mahanadi, 
Gulma, and Sivoke). Hamilton found this fish in ‘ the rivers of 
Northern Bengal.* 


Balitora brucei Gray, No. 275 Homaloptera bruoei^ 

in part. 

Note. —^Under this name Day confused the species here 
described with a quite distinct fish from South India now called 
Bhavania australie (Jerdon). 

Nepalese : Tita-kahri . 

D. 3/8. P. 9-10/12-11. V. 2/9. A. 2/5. C. 17. L. 1. 
62-69(70 Day). Barbels 3 pairs. 

Snout and anterior part of the body depressed, snout 
spatulate. ‘ Length of head 6j^, of caudal 5 in the total length.’ 
(Day) 

Barbels : One pair maxillary and two pairs rostral, all very 
short. MovJth small, inferior. 

Fine : Pectorals nearly reach pelvios ; lower lobe of caudal 
longer. ‘ Scales absent from chest and as far as the posterior 
margin of the base of the ventrals (i.e. pelvios).* (Day) 



Tbxt-fio. 59 .—BaUtora brtusei Gra^ (Copied from Bee, Ind. Mus.) 


Gdouf : Brown blotched with a darker tint. 

Size : Our longest 3^ inches. 

Habitat : Our specimens are from the Mahanadi River (clear 
with sand and gravel). Day gives—‘(Wynaad and Bowany 
Rivers in Madras),^ Himalayas from about Darjeeling tlurough 
Boutan, Assam, and the Khasia Hills.’ 

[Sinoe Day’s timb BaUtora brttoei has been recorded from several 
localities in Burma aim from the Chittagong Hill-Tracts.— L, Hors.] 


^ The words enclosed by us in brackets refer to the South Indian 
species, Bhavania aiustraUs (Jerdon). 
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QroupVI.—THE LOACHES. 

Kbt to this Family CX>BlTiD^ (Loaohes) in this List* 

A sharp, bony prickle beneath the eye in both sexes :— 

Front of Dorsal nearer to snout than to base of Caudal or mid-way^ 
between them:— 

Caudal deeply forked (lobed part as long as unlobed);— 

Caudal about twice as long as the height of its base; about 7 
oblique darker bands from back to belly and 3 bars across 
Caudal .. .. Botia dario (p. 65) 

Base of Caudal about Ijt times into its length; body mottled with 
paler blotches or short transverse bands on a darker 
ground .. Botia dayi (p. 06) 

Caudal not, or very shallowly, forked (lobed for less than ^ of its 
length):— 

Profile elevated over the eyes, at which point body is deepest; 
6 or 7 dark blotches from snout to tail along lateral-line with 
less intense markmgs between this and the back. 

SomUeptea gongota (p. 78) 

Body deepest about Dorsal:— 

A broad dark beuid flanked by lighter ones along the lateral¬ 
line .. Lepidooephalichthya gurUea (p. 68)' 

About 10 dark marks along latereJ-line and 8 bars across the 
back, an mtense dark spot at top of base of Caudal— 

Lepidocephcdichthya annandcUei (p. 67) 

Dorsal much nearer Caudal than the snout; no markings— 

AcanthophthcUmua pangia (p. 65) 
No bony prickle beneath the eye, though males may have a cartilaginous 
pad there:— 

Vent much nearer end of Caudal them tip of snout— 

Nemachilua app. (for key, see p. 69) 
Vent about mid-way between snout and end of Caudal— 

Aborichthya dongatua (p. 63^ 

Aborichthys elongatus Hora. 

1921. Aborichthya eUmgatua, Hora, Bee. Jnd, Mua., XXII, p. 736. 

D. 2/6. P. 10. A. 2/5. C. 19. Barbels 3 pairs. 

Body very much elongated, cylindrical in front and laterally 
compressed towards the tail. The dorsal and ventral profiles 
almost parallel. The vent is far forward, level with the posterior 
end of the pelvics. Length of head 6 (young) to 7i (adult), 
osmdal 6^ (young) to 7f (adult), and height of body 8 (youn^ to 
9| (adult) in total length. 

Barbda : A short erect pair over the nostrils, three pairs 
on the mouth. 

Fine : Hoot of pelvics nearer to that of peotorala than of the 
1^1 Caudal rounded, in larger specimens higher than the 
body. 
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Cciour : Anterior third of the fish dusky above and pale 
beneath, the remainder pale with a series of about 20 dusky 
transverse bands approximately equal to the intersx>aoes. These 
increase in length and depth of colour posteriorly; the first 
being no more than a spot in the region of the lateral line. At 
the dorsal fin they meet over the back and, at the anal, completely 
encircle the body. Some are confluent or forked. In smaller 
fish they are about 17 in number, begin further back, do not 
meet across the belly and are wider in proportion to the pale 
interspaces. Fins pale, the dorsal with two indistinct dusky 
bars. Caudal fin with concentric bands of the following colours 
(beginning from the posterior margin) pale, red, dusky red, dusky, 
pale, dusky. In smaller fish the whole caudal fin is reddish 
with three or four indistinct bands. 



Tbxs-fio. 60 .—AboridUhya eUmgatua Hora. (Copied from Rec, Ind, Mw.) 


Size ; Our longest 3f inches. 

Habitat : Our specimens from the Riyang River (at 2,000 ft. 
elevation) and streams in the Terai. 


Note :—^This species is closely allied to A, Jcempi (described 
by Chaudhuri from the Abor and Garo hills and Upper Burma, 
Rec, Ind, Mua,^ VIII, p, 245) to which some of our specimens 
were at first referred. It is distinguished on the following points 
(jRsc. Ind. Mu8,, XXII, p. 736, mi) 


* A. kempi, Ghaudhuri. 

1. The snout is a little shorter 

than the post-orbital part of 
the head. 

2. There are 7 branohed rays in the 

dorsal fin. 

. 3 . The dorsal is equidistant bet¬ 
ween the tubr^ nostoils and 
the root of the qflidaL 


A, dongakUf Hora. 

1. The snout is almost equal to the 

post-orbital part of w head. 

2. There are only six branohed rajni 

in the dorsal fin. 

3. The dorsal is equidistant £rom 

the tip of the snout and the 
base of the oaudal fin in the 
adult speoimen; in younger 
•peoimens it is somewhat nearer 
to the tip of the snout than to 
the base of the oaudaL* 
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Acdnthophtiialmus pangia (Ham.), Nos. 240 and 241 

Apuafusca. 

Note ,—Some individuals of this species have, others have 
not, a pair of pelvic fins (see Hora in Nature, Sept. 20th, 1930, 
p. 435). Day allotted these two forms to separate Gfenera, 
AmiUhophthalmus (with pelvics) and Apm (without pel vies). 

Bengali (according to Day): Pangya tfjtwl. 

D. 2/6. P. 10. V.i 6-7. A. 2/5. C. 17. Barbels 3 pairs. 
Body elongate and laterally compressed. Eyes minute. 
An erectile, bifid, suborbital spine. ‘ Length of head 7J-8, 
of caudal 8, height of body 7^-8 in the total length.' {Day) 

Barbds: One rostral and two maxillary pairs, the longest 
2/5ths the length of the head. 

Fins : Dorsal just in front of the anal; caudal rounded. 




Text-fig. 61. —Acanthophihalmua pangia (Hamilton), without and 
with small pelvic fins. 

Colour : Brownish-yellow without any markings. 

Size : Our longest 1*6 inches ; Day gives 2J inches. 

Habited ; Fairly common in the Sevoke River near its junction 
with the Tista. Day gives—‘North-east Bengal, the northern 
portions of Pegu and Upper Burma.' He mentions a specimen 
from below Darjeeling collected by Mr. Mandelli. 

Habits : In the Sevoke River Hora found the form without 
pelvics among the debris at the bottom of still pools and the 
form with pelvics in the swift water of pebbly ruUs. He therefore 
suggests that the two forms may be correlated with their habitats. 

Botia dario (Ham.), F,B.I,, No. 230. 

Mechi: Balabotia, 

Note ,—^The B. geto of Hamilton proves to be a young of 
this species ; B, geto of Day is the next species. 


^ Pelvics present or absent. 
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D. 3/9-10. P. 14. V. 8. A. 2/5-6. C. 19. Barbels 4 pairs. 

The body is laterally compressed; in profile a typical 
loach though it tapers a little more towards the abruptly forked 
caudal fin than some other loaches. The back is sharply arched 
from the dorsal fin to the mouse-like head with short, downward- 
pointed barbels. A strong, bifid, backward curved spine is 
countersunk below each eye. The scales are minute and hardly 
noticeable. Length of head 4J-5, of caudal 5, height of body 
6 in the total len^h. Eye 5 diameters in the length of the head. 

Barbels : Four pairs, the longest hardly reaching the orbit, 
tapering. 

Fins : The dorsal fin begins just before the pelvics. 



Tbxt-tio. 62 .—<Botia dario (Hamilton). 

Colour : The body is encircled by seven or more dark brown 
oblique bands almost straight separated by yellowish ones of 
about the same width. There are three more or less broken 
dark bands on the caudal fin. 

Size ; Our largest specimen is inches long. 

Habitat : Hitherto we have only found this fish in the 
Singhimari stream (clear) and Chel River in the Apalohand forest 
(Western Duars). Day gives the distribution as Bengal, the 
N.W. Provinces, Assam, and Cachar. 

Botia dayl Hora, F.B./., No. 231 Botia geto. 

1932. Botia dayi, Hora, Reo^^tnd, Mus., XXXIV, p. 571. 

Nepalese : Qetu ifB or Singhi 

Note, —^This species is the B. geto described and figured 
in Day's Fishes of India, but the fish so named by Hamilton 
proves to be a young of B, dario (Ham.). 

D.3/9. P.14. V.8. A. 2/5. C. 19. Barbels 4 pairs. 

The body is laterally compressed; in profile a t3rpioiai 
loach tapering but little towards the abn^tly forked caiadid 
fin. The line of tha belly is almost str4i^t and the back arched 
sharply from the dorsal fin to the mouse-like head with Aort, 
downward-pou^ing barbels. A strong, Ufid, backward-curved 
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spine is countersunk below the eye but ‘ as a rule not extending 
to below the posterior margin of the orbit.’ (Day) Length 
of head 4^ (Day 5 J), of caudal 6, height of body 4| (Day 5 to 5^) 
in the total length. Eye diameter 7 in the length of the head. 

Barbels : Shorter than in B, dario. 

Colour ; Somewhat like B, dc^io but the bands are irregular 
and partly confluent enclosing variously sized roundish yellow 
and bluish blotches. Sometimes there are no lighter bands 
and the whole body is marbled with small blotches of the lighter 
colour. Pelvic fins with two, the other fins and each lobe of the 
sharply forked caudal with three dark cross-bands. Small 
fish are the darkest. 



Tbxt-fio. 63 .—Botia dayi Hora. 


Size : Our largest specimen 4-8 inches long. 

Habitat: Hitherto wo have only found thi* fish in the 
Mahanadi. Day gives—‘ From Sind, through the Punjab, 
Himalayas, Valley of the Ganges, Jumna, Sone River, and 
Assam.’ 


Lepidocephalichthys annandalei Chaudhuri. 

1912. Lepidocephahchihya annandalei, Chaudhuri, Rec, Ind, Mua,, VII» 
p. 442, pi. xl, figs. 3, 3a, 3b. 

Bengali: Poia c^fl. 

D. 1/7. P. 7-8. V. 7. A. 1/6. C. about 24-26. Barbels ? pair. 

Body elongate and cylindrical. A preorbital bifid spine 
present. Length of head 6, caudal 5J, height of body 8 in the 
total length. 

Barbels ; Very minute, only the maxillary pair distinct. 

Fius : Commencement of dorsal barely posterior to that of 
the pelvics ; hinder margin of caudal concave. 

Colour : Very light brown on backf silvery on flanks and 
white beneath. On this brown colour is a pattern of minute 
dark brown specks. By their density or sparseness along the 
dorsal ridge they form a series of about eight very short trans¬ 
verse bars each about Jrd of the breadth of the interspace, 
below the dorsal ridge these specks are fewer and form an irregmlar 
wavy pattern above the lateral line and, along it, a series of ^out 
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11 short black dashes with equal interspaces. There are rather 
larger dark brown dots on the sides of the head and a distinct, 
more or less triangular, black spot surrounded by a yellow patch 
on the upper half of the root of caudal. There are several dark 
brown bands across dorsal and caudal. 



Text-fio. 64 .—LepidocephcHichthya annandalei Chaudhuri. 


Size : Our longest specimen was 1-5 inches, another !•! 
inches contained fully formed eggs and must therefore have 
been mature. 

Habitat : Hitherto we have only found it in the Panchenai 
River near Matighara. Chaudhuri described the type specimen 
from ‘ Eastern Himalayas.' 

Lepidocephalichthys guntea (Ham.), F.B.L, No. 237. 

Plate 2, fig. 2. 

Bengali (local); Poia (South Bengal), OurUe ; 

Rabha: Na-mucha or Na-mochori ; Chota Nagpuri: Oitu 

D. 2/5. P. 8. V. 7.8. A. 2/5. C. 16. Barbels 3 pairs. 

Lower profile of the snout horizontal, upper profile almost 
a quadrant. Upper and lower profiles of the body nearly 
parallel but body deepest in front of dorsal fin. A large erectile, 
bifid spine countersunk below the eye. Head partly scaled. 
Length of head 6 {Day 6J-6|), caudal 6, height of body 6 {Day 
5i-6J) in the total length. 

Barbels: Short, though longer than in Somileptes. ‘ A 
fleshy flap from the lower surfac^of the mandible on either side 
joins the maxillary barbel, and each has one or two barbels along 
its edge.* {Day) 

Fins : Dorsal almost opposite pelvios; caudal entire 
(‘ generally ’ Day), Scales very minute. 

Colour : The ground colour is dark brown on the dorsal 
ridge the rest being yellowish white with dark brown specks 
cocdescing to form a pattern of darker and lighter longitudinal 
bands. The central one of these is darkest forming an <|gmost 
black flank-stripe about Jth of depth of body and eibpnding 
from the upper pa^ of the gill opening to the root of caudal. 
This is flanked above and below by narrower light stdpes and 
these again by interrupted brown bands the upper one darkening 
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into the brown of the dorsal ridge and the lower fading into the 
white of the belly. The edges of all bands are wavy and the 
fainter ones interrupted so as to suggest an indistinct transverse 
pattern in a series of about 25. The specks coalesce to form 
five pale-brown patches on the head and a vertical dark bar 
across the base of caudal. This bar is darkest at its upper end, 
sometimes approximating to a spot. The fins are yellowish, 
dorsal and caudal with a speckled pattern, that on the latter 
suggesting a continuation of the flank-stripe. We have not 
obtained any specimen with the pattern represented in Day’s 
figure. 



Text-fio. 65 .—Lepidocephalichihya quntea (Hamilton). 


Hahitat : Gravelly or muddy streams and tanks in the Terai 
and Duars. Day gives—‘ Punjab, throughout India (except 
Mysore and south of the Kistna, and also the Malabar Coast). 
I have them from Darjeeling, and several h '*alities on the 
Himalayas.’ {Day) 

Key to Genus Nemaoeilus in this List. 

(From Dr. Hora’s paper in the Records of Indian Museum, XXXVII.) 
About 14 branched rays in Dorsal. (Body irregularly blotched ; Caudal 
entire or slightly emarginate) .. .. N. hotia (p. 71) 

Not more them 8 branched rays in Dorsal:— 

Body without vertical bands ;— 

Body with one or two longitudinal series of spots N, corioa (p. 72) 
Dorsal surface and sides with a uniform dull grey colour— 

N, shebbearei (p. 77) 

Body with vertical bands :— 

Lateral line incomplete :— 

Caudal without bands; vertical bands few, broad and saddle- 
shaped, not extending to ventral surface N. devdsvi-{p, 72) 
Caudal with 4 or more bands; bod^ encircled by a number of 
bands .. .. N. msdtifcuciatus (p. 73) 

Lateral line complete :— 

Dorsal surface and sides dark with narrow yellowish bands— 

N. savona (p. 75) 

Dorsal surface and sides pale-olivaceous with dark, vertical bands 
separated by broad yellowish interspaces:— 

Well-marked nasal barbels— N. rupicola var. inglUi (p. 74) 
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Nasal flaps not produced into barbels :— 

Dorsal and Caudal marked with numerous, irregular, 
narrow bands .. N, muUifcucuUtM (p. 73) 

Dorsal with or without a row of spots; Caudal with or 
without 1-3 V-shaped fcurly broad markings :— 

Body with a few broad and bold bands encircling it; a 
broad black band at base of Caudal; Ventrals extend¬ 
ing to anal opening .. N. heavani (p. 70) 

Body with narrow, incomplete bands not extending to 
ventral surface; a narrow, black bar at base of 
Caudal; Ventrals not extending to anal opening— 

N. acaturigina (p. 70) 

In the above key N, tmdtifaacicUua is given in two places as it may 
have a complete or incomplete lateral line. 

[Since the revision of the Eastern Himalayan species of NemachUua, 
considerable fresh material became available from the Naga Hills, 
Assam. The range and specific limits of some of the species listed in the 
above key had to be revised. For the purpose of this paper, however, the 
treatment of the species as given below will be quite helpful to the 
readers.— 8. L, Hora,] 

Nemachilus beavani GQnther. 

1868. Nemachilus heavani^ QUnther, Cat, Fish, Brit, Mua,, VII, p. 360. 


Not the N, beavani of Day, Journ. Linn. Soc. (Zool.), XI, 
p. 629 (1873). 

D. 2/8. P. 10. V. 8. A. 2/5. 0. 19. 



a 



b 


Tbxt-fiq. 66. —NemachUua beavani Giflnther. (Copied from Bee. Ind. Mua») 

а, —Sketch of type-specimen in British Museum. 

б . *—Sketch of fresh-specimen from Darjeeling-Himalayas* , 

t* ‘ I 

Thi6 fliii hag a sliape peculiar to some loaches that is to say, 
when viewed from above, it tapers smartly from the gills to the 
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tail but, when viewed from the side, it tapers gradually fix)m the 
base of the oaudal fin towards the snout. Hora notes that 
specimens taken in fast-fiowing streams have a well-developed 
fieshy appendage in the axil of the pectoral fin. 

Fins : The oaudal fin is distinctly lobed. The pelvic fins 
are provided with fieshy appendages also. 

Colour : The ground colour is yellowish with 7 transverse 
brown belts which are wider than the interspaces between them. 
These belts are continuous over the back and those in front of 
the dorsal fin are sometimes broken up to form numerous narrow 
bands. There is, in addition to the belts mentioned, a conspicu¬ 
ous dark band at the base of the caudal fin. 

8ize : Our longest was 1J inches. 

Habitat : Common in small streams at the foot of the hills. 

Nemachilus botia (Ham.), F.BJ,, No. 247. 

Plate 2, fig. 1. 

Hindi (in Bihar) Natwa inrwT. 

D. 2/10-12. P. 11. V. 8. A. 2/5. 0. 17. Barbels 3 pairs. 

A strongly built fish not unlike Botia dario in shape but 
somewhat broader towards the head. Below the eyes, where 
the prickles occur in B, dario, there are similar cartilaginous, 
but not bony, processes in the males of this species. 

Fins : The caudal fin is slightly but distinctl)^ lobed. 



Tbxt-fig. 67 .—NemachUua hoHa (Hamilton), 


Colour ; The colouring of this species bears a resemblance 
to that of Somileptes gongota. It is uQiottled from the dorsal 
ridge to the lateral line which is marked by a darker longitudinal 
band having 9 or 10 downward projections which alternate with 
a series of blotches below the lateral line. The dorsal fin is 
speckled and the caudal has similar speckles arranged in wavy, 
but more or less vertical, lines. It appears to b^ a variable 
species. 
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Size : Our longest is just over 3 inohes. 

Habitat : Clear streams of the Terai and Duars. 


Nemachllus corica (Ham.), F.BJ,, No. 253. 

This fish is recorded from the N.E. Bengal but we have 
never found it. We give Day’s description of it verbatim :— 

‘ Bengali: Khorika . 

‘ D. 10(2/8), P. 13. V. 8. A. 7(2/5). C. 17. 

* Length of head 5 J in the total length. Eyes in the middle 
‘ of the length of the head. Barbels —^thin, the external rostral 

* pair longer than the orbit. Fins —^the dorsal commences 

* anterior to the vertral {i.e. the pelvics) and nearer to the snout 



Text-fig. 68. —Nemachilus corica (Hamilton). 


‘ than to the base of the caudal, which last is lobed in its 

* posterior half. Scales —visible in the posterior half of the body. 

* Colour —^bluish, with about thirteen black blotches along the 

* middle of the side, and smaller ones above and descending to 

* between them ; usually a silvery band along the middle of the 

* side. 

‘ Habitat^ N.E. Bengal—Punjab, and Assam,’ 


Nemachilus devdevi Hora. 

1936. Nemachilus devdevi, Hora, Rec, Ind, Mus», XXXVII, p. 64, 
pi. iii, figs. 6, 6. 

D. 2/8. P. 10. V. 6-8. A. 2/5. . C. 16, 

A slender little fish. The upper profile is slightly arched 
and the lower profile straight. 

SccUes: There are some very indistinct scales embedded in 
the skin. 

Fins: The pelvio fins possesses a well^developed appendage 
in the axil. 

Colotsr: The j^und colour is yellowish with 7 to 9 brown 
belts which are much wider than the interspaces between them. 
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They are continuous over the back but only reach to just below 
the lateral line on the sides, where their ends are rounded off 
There is usually a deep black spot or short bar at the base of the 
caudal fin. 



TBXT-na. 69 .—Nemachtlue devdevt Hora. (Copied from Rec, 
Ind* Mus.) 


Size : Our longest was nearly 1J inches. 
Habitat : Small streams at the foot of the hills 


Nemachilus multifasciatus Day, F,B,L, No. 257 

D. 2/8. P. 11. V. 9. A. 2/5. C. 18. Barbels 3 pairs. 

This fish was described by Day from ‘ Darjeeling and Assam ’ 
but has never been collected from these places since. Hora 
notes {Rec. Ind. Mus,, XXXVII, 1935) that the Siamese and 
Burmese specimens recorded under this name by Vinoiguerre 
andMukerji (vide Journ. Bombay Nat, Hist, Soc,, 15th Dec., 1933) 
are not the same species and he proposes the name N, vincu 
guerrai for them. Day describes the lateral line as complete 
but Hora notes that in Day’s Assam specimen, in the British 
Museum, it only reaches the line of the ventrals and his Darjeeling 
specimen, in the Indian Museum, is in poor condition. 

Colour: Day gives—* Vertical bands, as wide as the 
‘ ground colour, pass from the back to the lower surface of the 

* abdomen; those between the head and the dorsal fin are 

* numerous, while there are about five posterior to the latter : 

* in some examples the anterior bands coalesce. A dark band 

* at the base of the caudal and dark marks on the head radiating 
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‘ from the eye. Pins yellow, the dorsal with four bands of spots 

* and an equal number or more on the caudal. Ventral and anal 

* with two bands each.’ Hora notes (op. cit .)—‘ The chief dis- 

* tinguishing feature of N. mvltifasciatua lies in the fact that the 
‘ dorsal and caudal fins are provided with many rows of spots 
‘ which are sometimes irregularly distributed. The only other 



TKXT-na. 70 .—NemaohUua muUifaaoiaiua Day. (Copied from Rec* 
Ind. Mu8,) 


‘ species which shows this character is Day’s aavona for which 

* I have proposed the name doyi. The two species can be readily 
‘ distinguished by the colouration of the body—^narrow, yellowish 
‘ interspaces between the bands in da^i and wide, pale interspaces 

* between the bands in mvltifasciatvs* 


Nemachilus rupicola var. inglisi Hora, F.BJ., No. 254 
(in part). 

1936. Nemachilus rupicola var. inglisi, Hora, Rec. Ind. Mus., XXXVII, 
p. 68, pi. iii, figs. 9, 10. 

D.2/7. P.12. V,8. A. 1/5. C. 16. Barbels 3 pairs. 

Hora distinguishes this variety from the typical N. rupicola 
of the Western Himalayas by its more strongly developed nasal 
barbels and the position and structure of the paired fins, the 
outer rays of which are provided with adhesive pads on the 
under-surface—apparently an adaptation for life in rapid 
currents. A stoutly built little fish, roughly cylindrical in front, 
except for the flattened belly, and tapering towards the tail 
which is slightly flattened in the vertical plane. The dorsal 
profile is slightly arched and the ventral straight. 

Fins : The paired fins are horizontal; the caudal square 
or faintly lobed. 

Scales : There are indistinct scales embedded in the skin 
on the upper surface ; none on the lower. 

Colour : The ground colour is yellowish with 14 to 16 brown 
transverse belts, rather wider than the interspaces between 
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them. These encircle the whole of the body from the gills 
to the caudal fin. Those behind the dorsal fin are almost conti¬ 
nuous across the back but those in front of it break up into 
isolated blotches on the fore part of the back. The top of the 
head is closely mottled with finer blotches. The young lack 
the belts. 



Text-fig. 71 —Nemachilua rupicola vat, inglist Hor** (Copied 
from Rec, Ind, Mua,) 


Size : Our largest was nearly 3 inches. 
Habitat : Streams at the foot of the hills. 


Nemachilus savona (Ham.). 

1936. Nemachihts savona^ Hora, Rec. Ind, Mvs,, XXXVII, p. 66, pi. iii, 

figs. 3, 4. 

Not the N, savorva of Day, for which Hora has proposed 
the name H, dayi, 

D. 3/8. P.9. V. 7. A. 2/5. C. 20. Barbels 3 pairs. 

A slender little fish pointed at both ends. The upper 
profile is slightly arched and the lowes profile straight. The 
belly is slightly kittened. 

Fins : The paired fins are fan-shaped, horizontal and pointed 
m the middle. 

Colour: There are 9 or 10 dark brown belts in this species 
which are considerably wider than the interspaces between them 
and obliterate them in some places. The dark belts meet under 
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the tail and some of them are forked where they pass over the 
back. The head is dark above and pale with some dark dots 
beneath There is a vertical black mark at the base of the caudal 
fin. In some specimens there are one or two V-shaped bands 
on the caudal fin. 

Size : Our longest was just over 1J inches. 



TEXT-no. 72 .—NemachUua aawma (Hamilton) (Copied from Rec 
Jnd. Mtis,) 


Habitat ; Common at Sevoke and Siligun in small clear 
streams Hamilton obtained the specimens from which he 
described the species in the Kosi at Nathpur in the extreme 
north-east of the Bhagalpur District close to the Pumea 
boundary. 


Nemachilus sc^turigina (MoClell). 

1936. Nemmhilua acaturigina, Hora, Reo. Ind. Mw., XXXVU, p. 64, 
pi. m, figs. 7, 8. 

D. 2/7, P. 10, V. 8. A. 2/5. C. 19. Barbels 3 pairs. 

A more slender fiish than N . Tuptcola and with a more 
pointed snout. 

Fins : The caudal fin is square or slightly lobed. 

Scales: Inconspicuous scales, embedded in the skin, are 
mostly on thje hinder end of the body and only on the under 
surface. 

Colour : The ground colour is yellowish with 9-12 transverse 
brown belts but, unlike those in N. rupieda, some of these 
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pass unbrokei) aoross the back and none of them reach the belly ; 
the belts in this species are definitely narrower than the inter¬ 
spaces between them and the brown colour is paler than in N. 
rupicola, and sometimes some of the belts are reduced to 
isolated blotches. There i«« a black spot at the base of the first 
ray of the dorsal fin. 



Text-fig. 73 .—NemachUus scatimgina (McClelland), ^‘'’opied from 
Bee. Ind, Mus,) 


Size : Our longest was just over 2 inches. 

Habitat : Small streams near the foot of the hills. It is not 
very common. 


Nemachilus shebbearei Hora. 

1935. Nemachilus shebbearei, Hora, Rec, Ind. Mus., XXXVII, p. 62, 
pi. iii, 1, 2. 

D. 2/8. P. 10. V. 8. A. 1/6. C. 18. Barbels 3 pairs. 

The body is low and the head long and pointed ; the upper 
profile is arched and the lower profile straight. The beliy is 
flattened. In general appearance this HBh resembles Homa- 
loptera bUineata or H. modeata. 

There is a bony process below the anterior border of the 
eye, a characteristic feature of the males of several species of 
Nemachilus. 

Colour : Dull black on the back and sides, with faint indica* 
tions of colour bands in places ; pale olivaceous beneath. 
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Size : The solitary specimen known of this species at present 
measures just over If inches. 



Text-fio. 74 .—Nemachilua shebbearei Hora. (Copied from Eec. 
Ind» Mtui,) 


Habitat : The specimen was found by Dr. Hora among a large 
collection of fish sent by us to the Indian Museum from the Terai 
and Duars and, unfortunately, there was no note of its origin. 

Somileptes gongota (Ham.), F.BJ,, No. 236. 

Bengali: Ohor-poia (a name also applied to Oarra 

gotyla ); Mechi: Muehra, 

D.3/8, P.1/10. V.2/6. A. 2/5. C. 16. Barbels 3 pairs 

The upper profile of the snout is straight or slightly concave 
rising abruptly to above the eyes which are close together near 
the top of the head. From thfil point the body tapers gradually 
to the peduncle of the tail. There is a small bifid suborbital 
spine reaching to below the middle of the orbit. Length of 
head 5J, height of body 7-7^ in the total length. 

Barbda : One small erect pair above the nostrils (not 
described or figured by Day) besides the pair at the sides of the 
snout and the maxillary pair. 

Fins : The dorsal fiin begins ‘ opposite the root of the inner 
ventral (i.e. pelvic) ray ’. {Day) Caudal entire. 

Scales: Minute. 

Colour : Light brown speckled with darker above, yellowish 
or whitish beneath. A variable pattern along the sides usually 
consisting of a series of about five large brown blotches with 
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light edges sometimes connected with oblique dark stripes 
or interspersed with smaller dark blotches. Two dark patches 
on each cheek. Fins yellowish, dorsal and caudal with dark 
spots arranged more or less regularly in transverse rows. 

Size : Our largest is recorded as 3*9 inches long, but Shaw 
notes that we have had them larger. 



Text-fig. 76 .—Somileptea gongota (Hamilton). 


Habitat : Gravelly and muddy streams in the Terai and 
Duars. Day gives—‘ Assam, Bheer Bhoom, and Khasia hills.* 
See D. D. Mukerji’s note on this species, Rec. Ind* Mine., 
XXXIV, pp. 125-129 (1932). 


Group VII.—THE CAT-FISHES. 

Key to Sub-obdeb SILUROIDEA (Cat-fishes) in this List. 

No spine in Dorsal; no adipose fin ; Anal of 46 rays or more ;— 

Four pairs of barbels :— 

Family CLARIIDJE. 

Dorsal long (over 60 rays) .. Clarias bcUrachus (p. 80) 

Dorsal short (6 or 7 rays) .. Heteropneuatea foaailia (p. 81 

Two pairs of barbels ; Dorsal absent or short (6 rays or less). 

Family SILURID^, 

Eye above level of mouth :— 

Caudal not forked .. Silunta cochinchimnaia (p. 84) 

Caudal forked .. . . .. WaUago attu (p. 84) 

Eye behind angle of mouth ;— 

Longest barbels reach Pelvics— OaUiohroua bimaculahia (p. 82) 
Longest barbels reach Pectorals CaiUchroua pabda (p. 83) 

A spine in Dorsal. Note: —In most genera this is bony and unmistakeable ; 
in Siaor, Paeudecheneia, Euchiloglania, and Olyra it is weak but, in these 
4 genera the Anal is short (less than 20 rays) and there is an adipose 
fin, two points which separate them from genera with no spine in 
Dorsal 

A continuous margin of fin above, below, and round the end of the 
tail:— 

Family OHAOIDJB. 

One species only .. .. Ckaca cham (p. 86) 

Caud^ at the end of the tail only:— 

Anal long (28 rays or more); Adipose small or absent:— 
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Family SOHILBEIDM, 

Four pairs of barbels :— 

Dorsal much in advance of Pelvios :— 

Longest barbels reach Pectorals— 

PaevdetUropius tnuriua (p. 88) 
Longest barbels reach Pelvics .. .. P. ganta (p. 87) 

Dorsal prcictically opposite Pelvics —Eutropiichthya vaoha (p. 86) 
One pair minute barbels .. SUonia ailondia (p. 89) 

Two pairs of barbels i— 

Family PAN0ASI1D,E. 

One species only .. Pangaaiua pangaaiua (p. 86) 

Anal short (less than 20 rays); Adipose well developed :— 

Two nostrils (one behind the other on each side) close together 
with a barbel between them:— 

Family SI80RIDJE (for key, see p, 96). 

Two nostrils (on each side) far apart, a barbel near the 
hindmost:— 

Teeth on the palate as well as in the jaws :— 

Family BAORID^ (for key, see p. 89). 

Teeth in the jaws but not on the palate :— 

Family AMBLYCEPIDJE, 

One species only .. Amblycepa mangoia (p. 95) 


Glarias batrachus (Linn.), No. 121 Claria$ magur. 

Plate 3, fig. 10. 

Bengali: Magur irttHI. 

D. 62-76. P. 1/8-11. V. 6. A. 45-58. C. 15-17. 
Barbels 4 pairs. 

Head vertically and tail laterally compressed. It is distin¬ 
guished from all our other cat-fish by having a long (many-rayed) 
dorsal fin. Length of head 5J.4k of caudal 84-9, height of body 
6^-7| in the total length. 

BarbeU : The longest (maxillary) reaching base of pectorals. 

Fins ; Pectoral spine finely serrated but covered with skin. 
Caudal rounded. 

Ootottf: Either a uniform rich reddish-brown or a uniform 
greyish-black. Fish of both colours are found together, no 
intermediate shades occur apd, as far as we know, there is no 
other difference between them. There are one or more concentric 
arcs of a deeper shade on the caudal, where there are more than 
one that nearer the base is more distinct. 

Size: Our longest 11 inches. Day says—‘ attains a foot and 
a half’. 
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BMM : Terai and Duars ; usually in mud. Day gives— 
^ Fresh and brackish waters of the plains of India, Burma, 
Ceylon, and the Malay Archipelago.’ 



TBXT-rio. 76 .—Olariaa beOrachus (Liim.). 


Habits : Being able to breathe air, it can survive for a long 
time out of water. 


Heteropneustes fossilis (Bloch.), No. 133 Sacco- 

hranchua fossilis. 

Plate 3, fig. 9. 

Bengali: Singhi ftfv. 

D. 6-7. P. 1/7. V. 6. A. 60-79. 0. 19. Barbels 4 pairs. 
Head flat and rather wide; the snout almost ohisel-like. 
The body tapers uniformly in the horizontal plane from the gills 
to the caudal fin. In the vertical plane the back is almost a 
straight line from snout to tail while the ventral outline is bowed; 



this effect is heightened by the shape of the long an^ fin. ^y 

SJisT^Length of head from 6f-7. of 

^14, hei^t of body (greatly depending upon food or aeaaon) 

from 6-8 in the total lei^h.’ 


6 
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Barbels : Maxillary pair reach the pectorals or further. 

Fins : The sharp, serrate pectoral spines are reputed to be 
poisonous and broken oflP by fishermen. Caudal rounded. 

Colour : Dark purplish-brown, almost black, the young 
reddish-brown. Day says there are sometimes two longitudinal 
yellowish bands ; we have not seen these. 

Size: We have taken them up to about 9 inches long. 
Day says they attain a foot or more. 

Habitat : Rivers and tanks in the Terai and Duars—^usually 
in mud. Day gives—‘ Fresh waters of Sind, India, Ceylon^ 
Burma, and Cochin China.’ 

Day says the eggs are pea-green. 

[Callichrous bimaculatus (Bloch)], F,B,L, No. 138. 

Hindi (Bihar): Chechera twin”. 

D 4. P.1/13. V. 8. A. 2-3/58-72. C. 17. Barbels 2 pairs. 

Body elongate and laterally compressed. Very like C. pabda, ^ 
the chief distinctions being the shape of the caudal fins and the 
length of the barbels. Day gives—* Length of head 5-7, of 
caudal 6J-7, height of body in the total length.’ 

Barbels : The longest pair (maxillary) reach the ventral. 

Fins : Caudal forked, the lobes sharply pointed. 



Text-fig. 78.— OaUichraus HmactUattu (Bloch), 


Colour : We have not s^n a live specimen. Day says— 
* Silvery shot with purple, a black spot on the shoulder behind 
the gill-opening and above the middle of the pectoral fin; in 
some specimens this black spot is much better defined than in 
others.^ Occasionally the caudal fin is tipped with black.’ 

Size: Our only specimen is 6*7 inches long. Day says 
they attain at least a foot and a half in length. 

Habitat: We have only seen this fish in Siliguri bazaar. 
Day gives—* The fresh waters of Sind, and from the Punjab 
throughout India, Ceylon, and Assam to the Malay Archipelago 


3 Note .—Our notes say; silvery with two black spots behind aill 
opening; sometimes faint. ® 
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and beyond. Sometimes observed in Burma, according to 
Ool. Tickell, within tidal influence.’ 

Gallichrous pabda Ham., F.BJ., No. 142. 

Plate 3, fig. 7. 

Bengali: Pabda ; Mechi: TapugtUinda. 

D.4-5. P.1/11-13. V.8. A. 3/62-58. C. 18. Barbels 2 pairs. 

Whole body laterally compressed, dorsal outline only 
slightly humped, ventral outline distinctly bowed. The beUy, 
which is situated far forward, is usually distended and bulges 
downwards. Length of head 4|-5|, of caudal 7J-8, height of 
body 4J.6|. 

Barbels : The longest (maxillary) pair do not reach beyond 
the end of the pectorals. 

Fins : Caudal forked, both lobes rounded or arching rather 
than tapering to a point. The whole fin directed slightly 
downwards. The pectoral spine may be serrated or smooth. 
(Day) 



Text-fig, 79 .—CaUkhroua pabda Hamilton. 


Colour : Variable ; the general colour is silvery grey, darkest 
on the back and fading to white on the belly. In some there 
are two longitudinal lighter bands one above and one below the 
lateral line; in others there are confused blotches of light brown, 
darkest on the back. In all there is a dark oval shoulder-spot 
about half the length of the pectoral and situated just above the 
middle of this fin on the lateral line. In some there is another 
more diffuse spot near the base of the caudal. In life this fish 
has a very beautifhl iridescence being shot with turquoise and 
mauve on a wide band along the lateral Une and with green and 
gold on the opercle. 

Size : Our longest 4*7 inches. 

Habitat : Clear streams as well as muddy pools in the Terai 
and Duars. Day gives the Indus, Ganges, and Brahmaputra 
as well as Orissa and Darjeeling. Highly esteemed as food^ 
especially for invalids. 
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Silurus cochlnchinensis Cuv. and VaL, No. 126 

Silurua afghana and 127. 

D.2. P.1/13-14. V. 10. A. 70-78. C. 19. Barbels 2 pairs. 
Fi 7 i 8 : Dorsal rudimentary—consisting of two tiny bristles 
only. Anal and caudal scarcely united. 



Text-fig. 80 .—Silurus cochinokinensis Cuvier and Valenciennes. 


Colour : Purplish brown with traces of dark longitudinal 
lines. 

Size : Our longest 5*7 inches. Day gives 7*2 inches. ^ 

Habitat : Our only specimens were from the Western Duars. 
Day gives—‘ Himalayas his only certainly established locality 

being ‘ Darjeeling *. He cites two other sets of specimens both 
of which, unfortunately, are doubtfully located, one being either 
from Afghanistan or the Khasi Hills and the other either from 
Kashmir or Assam. 

WaUago attu (Bloch), F.BJ., No. 134. 

Plate 3, fig. 5. 

Bengali: Boal(i) or ; Hindi: Bowali or 

(young ones) Lopchi ; Rabha: Na-jek, 

D. 5. P. 1/13-16. V. 8-10. A. 4/82-89. C. 17. Barbels 2 pairs. 



Text-tio. 81 .—WaUago attu (Blooh). 

Body elongated and compressed, the dorsal profile being 
nearly straight. A deep-cleft mouth. Length of head 5-5|, 
of caudal 9, 'height of body in the total length. 

Barbda: The maxillary are longest readiing beyond tlie 
front end of the anal. 
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Fins : A gap between anal and caudal which is forked, the 
upper lobe the longer. 

Colour : Uniform grey. 

Size : Very large specimens are brought into the district by 
rail; our longest local specimen was 2^ feet long. Day says 
it attains at least six feet. 

Habitat : Deep, still pools in clear streams in the south of 
our area (c.g. Konai and Bania Rivers)—also tanks inside the 
forest (c.g. Borojhar). Day gives—‘IVesh waters throughout 
India, Ceylon, and Burma, sometimes within tidal influence.’ 

Habits : According to Day it is ‘a voracious and not very 
clean feeder, said mostly to feed at night time.’ Thomas 
(‘ Rod in India ’) says they are found in Mahseer rivers as well 
as tanks and recommends fishing for them with live-bait or 
a spoon. We have never heard of their being taken on rod and 
line in rivers in our area but, in Bihar, they are taken on rod and 
line with a live frog in dead water. This is one of the fish known 
as a * fresh-water sharks ’ and is not popular in tanks because 
it eats other fish. 


Ghaca chaca (Ham.), F.BL, No. 118 Chaca lophioides. 

Plate 3, fig. 14. 

Bengali: Chegd ; Mechi: Ckigfh ; Rabha : Chega^bakau* 

D. 1/3-4 : 19-25 P. 1/5. V. 6. A. 6-10 : S-12. C. 11. 

A flat (vertically compressed) fish with a very wide mouth. 
The whole upper surface is covered with tubercles and with many 
short soft spines which also occur along the edge of the lower 
lip. Its large chin is provided with an adhesive a^aratus 
formed of radiating pleats. Length of head 3, of caudal 6-8, 
height of body 6 in the total length. 



Text-fig. S2,—Chaca chaca (Hamilton). 


Fins - Dorsal and pectorals each with one strong spme 
enclosed in skin. Second anal and second dorsal confluent with 

Dark brown, lighter on the chin; pectorals and 
pelvicB lighter with dark mottlings. 


86 G. E. SHAW & E. O. SHBBBEABE [VOIi. HI, 

Size : We have taken them up to 6 inches in length ; Day 
says they attain 8 inches. 

Habitat : Rivers of the Duars and Terai. Day gives— 
‘Brahmaputra, Ganges, and Irrawaddy Rivers, and tanks in 
connection with them ; also some fresh waters of Bombay.* 

Habits : Hamilton begins his description of this fish with 
the words—‘ Of all the horrid animals of this tribe the Cheka 
is the most disagreeable to behold * and ends with—‘ All persons 
turn away from it with loathing.’ It is said to bury itself 
in mud and wound the feet of fishermen with its formidable 
dorsal spine. 

[£utropiichthys vacha (Ham.)], F.BJ., No. 135. 

Bengali: Bacha or Bhacha ^6l or ; Hindi: Bachwa . 
D.1/7 I 0. P. 1/13-16. V. 6. A. 3-4/42-47. C. 17. Barbels 4 pairs. 

Very like Psevdeviropius murius in appearance, the distinc¬ 
tion being that in P. murius the dorsal is much in advance of 
the pel vies, whereas, in the present species the dorsal and pelvics 
are practically opposite one another. 

Fins : An adipose dorsal always present. 



Colour : Silvery, darker on the back. 

Size : Our longest 6*7 inches. Day says ‘ upwards of a 
foot ’ 

Habitat : We have never found it locally but it is frequently 
brought to Sili^ri by rail, probably from Bihar. Day says— 
‘ From the Punjab through the large rivers of Sind, Bengal, and 
Orissa ’. 

Habits : It is said to take a fly in Bihar and is regarded 
as good eating. 

[Pangasius pangasius (Ham.)], P.B.7., No. 162 Pangasius 
huchanani, 

Bengali: Pangas nfflfPl. 

D. 1/7 I 0. P. 1/12. V. 6. A. 31-34(4.6/27-29). C. 10. 
Barbels 2 pairs. 
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Hoad flat. Tail constricted behind the adipose fin but 
expanding again before the root of the caudal fin. Day gives— 
Length of head 5^-6, of caudal fin 6.5J, height of body 4-6 in 
total length. 

Barbels: ‘ The maxillary reach the base of the pectoral 
fin ; the mandibular are half as long as the head.’ ( Day) 

Fins : Caudal deeply forked, upper lobe slightly the longer. 



TaxT-na 84.— Pangaaiaa pangastua (Hamilton). 

Colour : Our notes say brown but the specimen was not 
fresh. Day says—‘ Silvery, darkest along the back and glossed 
with purple on the sides ; cheeks and under surface of the head 
shot with gold ’ 

8 ize : Our only specimen was 2^ feet long ; Day says they 
grow up to 4 feet. 

Habitat : Our specimen was from Siliguri bazaar. Day 
gives—‘ Large rivers and estuaries of India, Assam, Burma, 
and perhaps the Malay Archipelago.* 

[Pseudeutropius garua (Ham.)], F,BJ,y No. 151. 

Plate 3, fig. 11. 

Bengali: Oarua 


D. 1/7 I (0 in young). P. 1/12. V. 6. A. 3/2(>-33. C. 17. 
Barbels 4 pairs. 



Text-fio. 85 .—Paeudeutropiua garua (Hamilton). 

Very like P. rmriua but not so silvery and the back is 
apeokled instead of being uniform grey. 
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Barbels : Longer than in P. muritis, the longest pair (maxil¬ 
lary) reach the ventral fin. In P. murius they are only as long 
as the head. 

Fins: The adipose fin in this species is only present in young 
fishes and disappears later. 

Size : Our longest was 9-6 inches. Day says it attains 
upwards of two feet. 

Habitat : The only specimens we have seen were those 
exposed for sale in Siliguri bazaar. Day gives—‘ Found generally 
throughout the larger rivers of Sind, India, Assam, and Burma.* 


Pseudeutropius murius (Ham.), P.P.7 , No. 148. 

Bengali: Muribacha ; Nepalese : Cherki 

D. 1/7 I 0. P. 1/11(1/10 Day). V 6. A. 3/35-40. C. 17. 
Barbels 4 pairs 

Whole body laterally compressed ; dorsal and ventral 
outlines approximately equally curved. Very like P, garua 
the chief difference being that in P. garva the longest barbels 
(maxillary) reach to the pelvics, whereas in P. murius they are 
only as long as the head. Further differences are that in P. garua, 
the adipose dorsal is absorbed in adults and the anal rays are 
less than 37, whereas, in P. mnnus, the adipose dorsal is always 
present and anal rays are more than 37. Length of head 5i~7, 
of caudal 5J-6, height of body 5^-6 in the total length. 



Text-fig. 80 —Pseudeutropvaa murxua (Hamilton). 


Colour : Silvery grey, darkest on the back. 

Size ; Our longest 11*8 inches. Day says 6 or 8 inches. 
Habitat : Our only specimens have been taken in the Tista.i 
Day gives—‘ Eivers of Sind, Orissa, the Jumna and rivers of 
Bengal and Assam.’ 


^ A re-e x a mma tion of the material showed that these speounens 
xepresented a new spades of Clupiaoma, which has been described as 
<7. montana (Jown* Bombay Nat* Hist,, Vol. XXXIX, p. 078, 1987). 
— 8, L, Bora, 
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[Sllonia sUondia (Ham.)], No. 1/54 Silundia gangetica. 

Bengali: Shilong pput. 

D. 1/7 I 0. P. 1/11-.13. V. 6. A. 4/30-44. C. 17. 
Barbels 1 pair. 

Very like Eutropiichthys vacha or Paevdeutropiua spp, but 
havmg only one pair of minute (maxillary) barbels. Other 
distinguiAing features are a longer snout, caniniform teeth 
and red lips in this species. 



TrxT-FiG 87. —Stlonia atlondta (Hamilton). 


Colour : Silvery, darker on the back. 

Size : Day says it attains 6 ft. or more. Our specimen was 
9 inches long. 

Hahitat : Our only specimen was from Siliguri bazaar. 
Day gives—* Estuaries of India and Burma, ascending the larger 
rivers almost to their sources.’ 

Key to the Family BAGRID^ in this List. 

Dorsal spine weak .. Olyra kempi (p 94). 

Dorsal spine strong :— 

Dorsal and Pectoral spmes not hollow .— 

No shoulder-blotch :— 

Longest barbels roach Pelvics ;— 

A black spot on hinder-edge of Adipose fin— 

Mystua aeenghala (p. 93) 
Eight or 9 black spots along lateral-hne Myaiua menoda (p. 92) 
Longest barbels reach Caudal; a black spot, or diffused darkening, 
at the base of Dorsal spine .. Myatua cavaama (p. 91) 

A darker band along lateral-hne broadenmg into a shoulder-blotch :— 
Barbels long;— 

Longest barbels roach Pelvics, upper lobe of Caudal barely longer 
than lower .. .. Myatua vUtatua (p 93) 

Longest barbels reach Anal; upper Caudal lobe longer— 

Myatua bleekeri (p. 91) 

Barbels short (longest much shorter than the head)— 

* Leiooaaaia rcuna (p. 90) 
Dorsal and Pectoral spmes stout, bon> and hollow Itita rita (p. 95) 
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Leiocassis rama (Ham.), F,B.L, No. 173. 

Plate 3, fig. 4. 

D. 1/6 I 0. P. 1/5. V. 6. A. 13. C. 20(?). Barbels 4 pairs. 

In general appearance resembles those species of Myatvs 
which have a shoulder-blotch and longitudinal bands but has 
much shorter barbels. It therefore somewhat resembles 
Bataaio batasio from which it is distinguished by having a shorter 
adipose fin and a longer anal. 

Barbels : Nasal pair hardly reach the orbit; the longest 
pair (mandibular) reach the centre of the eye. 

Fina : Base of the adipose fin shorter than that of the anal. 
Dorsal spine moderately stout, unserrated ; pectoral spine stout 
with 10 recurved hooks on the inner side. Adipose fin shorter 
than the rayed dorsal. 



Colour : Leaden-grey above, whitish beneath. A well- 
marked but narrow dark band along the lateral line terminating 
in a shoulder-blotch. Another fainter band between the lateral 
line and the dorsal ridge extending from the opercle to the tail. 

Size : Our longest specimen about 3 inches. Day says 
it does not exceed thi^ size. 

Habitat: All our specimens were from the Mahanadi near 
Siliguri. Day gives—‘ Eastern Bengal and Assam.’ 
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Mystus bleekeri (Day), F.BJ., No. 172 Macrones bkekeri. 

Plate 3, fig. 6. 

D.1/7 I 0. P.1/9-10. V. 6. A. 3/6-7. C.17. Barbels 4 pairs. 

General shape like others of the genus. 

Barbels : The longest (maxillary) barbels reaching to the 
base of the anal fin. 

Fins : Adipose fin commencing just behind the rayed 
dorsal and three times as long. The rayed dorsal not as high 
as the depth of the body. Th(‘ upper lobe of the caudal fin 
distinctly the longer. 



Text- no. 89 .—Myatua bleekeri (Day). 

Colour: Leaden above, yellow beneath. A dark band 
along the lateral line ending in a dark shoulder spot in all our 
specimens but, according to Day, the latter n ay be absent. 
Above and below this band are lighter bands. 

8ize : Our longest specimen inches. Day says—‘ not 
attaining a large size 

Habitat : All streams in the Terai and Duars. Day gives— 
* Sind, Jumna, upper waters of the Ganges, and Burma.’ 

Mystus cavasius (Ham.), No. 163 Macrones cavasins, 

Plate 3, fig. 3. 

Bengali: Tengra 

D. 1/7 I 0. P.1/8. V. 6. A. 4/7-9. C. 16. Barbels 4 pairs. 

General shape like others of the genus. 

Barbels : The longest pair (maxillary) reach nearly to the 
base of the caudal fin. 

Fins : The rayed dorsal fin is rather higher than the depth 
of the body and pointed. The adipose fin commences just 
behind the rayed dorsal and is three times as long. The upper 
lobe of the caudal is the longer. 

Colour : Leaden above, yellowish beneath. There is usually 
a black spot covering the basal bone of the dorsal fin but in 
some of our specimens this amounts to no more than a darkening 
just in front of this fin. There may be a bluish band along the 
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lateral line but nothing that could be confused with the lateral 
stripes in M, vittatus and M. bleekeri. 

Size : Our longest specimen was inches. Day says 
it attains 18 inches. 



Habitat : Some of our specimens were from the Magurmari, 
a muddy stream in the Apalohand forest in the west of the 
Duars ; others were from Siliguri bazaar. Day gives—‘ From 
Sind, throughout India, Assam and Burma.’ 

[Mystus menoda (Ham.)]. 

1822. Pimelodue menoda, Hamilton, Fish, Ganges, p. 203. 

Plate 3, fig. 2. 

See Chaudhun’s Rec. Ind, Mu8-,Y1\, pp. 210-212 (1912). 
Hindi (Bihar): Belawna 

D. 1/7 I 0. P. 1/9. V. 6. A. 3-5/8. C. 17. Barbels 4 paiis- 



Tbxt*fxo. 91. —Mystus menoda (Hamilton). 


Very like Jf. aeenghala except in colour. There is no spot 
on the adipose fin but a series of 8 or 9 small black spots along 
the lateral line. 
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8ize: Our longest specimen was 9*8 inches. 

Habitat: We have only seen them exposed for sale in Siliguri 
bazaar. 

Mystus seenghala (Sykes), F.BJ., No. 157 Macrones aeenghala, 
Plate 3, fig. 1. 

Bengali: Air ; Hindi: Ari or Pogal tftmir. 

D.l/7|0. P.1/9. V.6. A. 3/8.9. C. 19-21. Barbels 4 pairs. 

Snout chisel-shaped ; tail constricted behind the adipose 
fin but expanding again to the base of the caudal which is deeply 
cleft, the lobes pointed, the upper one being the longer. The 
adipose fin is about the same length as the rayed dorsal. The 
occipital process and a patch in front of the rayed dorsal bony and 
rough. 

Barbels : The longest pair (maxillary) reach to the end of 
the pel vies. 



Colour : Darker above and lighter beneath but without 
any longitudinal bands. A black spot about the size of the eye 
near the base of the adipose fin close to its posterior edge. 

Size : Our longest specimen was 20 inches. 

Habitat : We have caught them in the Bania Biver, Eastern 
Duars and also seen them very frequently exposed for sale in 
Siliguri bazaar. Day gives—‘ The Indus, salt-ranges of the 
‘ Punjab, Jumna, and Ganges certainly as low as Delhi, also the 
‘ Deccan, Kistna River to its termination, and Assam/ 

Mystus vittatus (Bloch), F,B,I*^ No. 166 Macrones vittaius, 

Bengali; Tengra ; Mechi: Na4ingna ; Babha : Tengcma. 

D.l/7|0. P.1/9. V.6. A.2.3/7-9! C. 17. Barbels 4 pairs. 

General shape like others of the genus. 

Bofbeh ; The longest pair of barbels (maxillary) reach to 
the base of the ventriJ fins. 

Fins: The adipose fin is variable but alwa3rB shorter than 
in M, cavaaiua being about thh same length as the rayed 
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dorsal or a little longer. The upper lobe of the caudal fin is 
barely longer than the lower. 



Text-fig. 93 .—Mystua vUtaiua (Bloch). 


Colour : Leaden above, yellow beneath. A dark band 
along the lateral line ending in a very dark shoulder spot. Above 
and below this band are lighter bands. 

Size : Our longest specimen 4 inches. Day says it attains* 
7 or 8 inches. 

Habitat : Streams in the Terai and Duars. Day gives— 

‘ Throughout Sind, the continent of India, Assam, Burma, Siam 
also Ceylon.’ 

Olyra kempi Chaudhuri. 

1912. Olyra hempi, Chaudhuri, Bee, Ind, Mua„ VII, p. 443, fig. 4. 

Plate 3, fig. 8. 

Bengali: Bot-singhi ; Mechi: Tara-ravji ; Rabha: 

Na-hongsher, 

D. 7 I 0. P. 1/4. V. 5. A. 17-19. C. 12. Barbels 4 pairs. 

Body slender, cylindrical in front, laterally compressed 
behind. The caudal is forked with an elongated upper lobe; 
the adipose fin is long and low. The distinction between this 
species and 0. longicaudata (McClell.) from the descriptions at 
our disposal seems to lie in the number of rays in the anal fin 
(17-19 instead of 23). 



Text-fig. 94. —'Olyra kempi Chaudhuri. (Copied from Bee, Ind, Mus,) 


Barbda: Maxillary pair the longest, reaching at least 
to base of the pectoral and sometimes beyond the end of it. 

Colour : Dark brown above, grey beneath. 
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Size : Our longest 4-7 inches and said not to exceed this. 
Habitat : Rivers of the Terai and Duars. 


[Rita rita (Ham.)], No. 175 Etta hvehanani, 

Bengali; Eita ; Hindi (Bihar): Chona 

D. 1/6 I 0. P. 1/10. V. 8. A. 4/10(4-5/9. Day). C. 19- 
Barbels 3 pairs. 

A stockily-built fish with ve.y stout, hollow, bony spines 
to the dorsal and pectoral fins. That of the dorsal is very slightly 
serrate on the hinder edge, those of the pectorals strongly denti¬ 
culate along both edges. The surface of the back between the 
head and the dorsal, as well as a shield above the pectoral, is 
bony and granulated. 



Tbxt-fio. 95.—n^a (Hamilton). 

Colour : Greenish-brown. 

Size ; We have seen specimens up to 18 inches long; Day 
gives—‘ attaining at least 4 feet in length \ 

Habitat: We have only seen them exposed for sale in 
Siliguri bazaar. Day gives—‘ Indus and affluent rivers, Jumna 
and Ganges, also the Irrawaddy.’ 

Habits : Day remarks that it is a very foul feeder. 


Amblyceps mangois (Ham.), F.B.L, No. 131. 

Hindi: Billi(I)ay) ftit. 

D.l/6|0. P, 1/7. V.6. A.2.3/7~9! C. 19. Barbels 4 pairs. 

Head flat and very wide with a large mouth and very small 
eyes. The body tapers uniformly from head to tail in the 
horizontal plane but is almost parallel-sided in the vertical plane. 
General appearance somewhat like that of Olyra but easily 
distinguished by the number of anal rays. 
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Fif^a : We have two forms one with the caudal fin deeply 
and the other with it slightly forked. The rays of the dorsal 
and anal fins partly enveloped in skin. 



Tbxt-mo. 96 —Amblyoepa mangoie (Hamilton). 

Sketch of a Siamese specimen. (Copied from Rec, Ind, Mua.) 


Colour : Brownish-grey, lighter beneath. 

Size : Our longest specimen 4 inches. Day gives up to 
6 inches. 

Habitat : Rivers of the Terai and Duars. Day gives— 
‘The Himalayas; found in the Jumna for some considerable 
distance from the hills, also through Burma to Moulmein.’ • 
Habits : Day notes that it bites viciously and lives for some¬ 
time out of water. 

Key to the Family SISORID^ is this List. 

Paired fins more or less horizontal and belly flattened, adapted for lying 
along the bottom ;— 

Dorsal spine not hard or bony :— 

Upper margin of Caudal produced mto a long filament— 

Sisor rhabdophorua (p. 107) 

No Caudal filament:— 

An adhesive apparatus under the thorax consisting of a dozen 
or more tranaverae parallel iolda—Paevdecheneia auUxjUua (p. 106) 
No obvious adhesive apparatus .. Euchiloglania hodgarti, (p. 100) 
Dorsal spine hard and bony :— 

An adhesive apparatus of longitudinal folds well developed :— 
Longest barbels reach the gill-opening:— 

No teeth on the palate Olyptothorax tdchUta (p. 103) 

Teeth on the palate Olyptothorax linealua (p. 102) 

Longest barbels reach Pectorals Olyptothorax harai (p. 101) 

Adhesive apparatus absent or weak:— 

Caudal and Peotorcds produced into filcunents— 

Bagariua bagariua (p. 07) 

No filaments from fins :— 

Gill-openings narrow;— 

Caudal very deeply forked Erethiatea aUmgatua (p. 98) 

Caudal shallowly forked .. Erethiataa hara (p. 00) 

Gill-opening wide;— 

Origin of Pelviog nearer to base of Caudal than to tip of 
snout .. Laguvia akmoi (p. 104) 

Origin of Pelvics equidistant between base of Oaodal and tip 
of snout .. .. Lagtavia ribairoi (p, 104) 


1987] 


THB USHBS OF KOBTHBBN BENGAL 


97 


Not ipeoially adapted for lying along the bottom 

Oill-xnembranes attached to isthmus; 4 mandibular barbels in a 
transverse row on chin .. .. JScUasio bakuio (p. 97) 

Qill-membranes free from isthmus; 2 inner mandibular barbels in 
&ont of outer pair .. .. Nangra puncUUa (p. 106) 

Bagaiius bagarlus (Ham.), F.BJ,, No. 207 Bagariua yarreUii. 

The Goonch. 

Bengali: Bagha-ar ; Hindi: Oaurich (Bihar): 

Baghar WTUT^. 

D. 1/6 I 0. P. 1/12. V. 6. A. 3/10-12. C. 17. Barbels 4 pairs. 
An ugly looking fish with a broad, fiat head and a body 
tapering gradually towards the tail. Nasal barbels small and 
erect, maxillary pair large and fleshy, rather longer than the 
head. Fins —^there are whip-like prolongations to the upper 
lobe of the caudal and pectorals. There is a bony and granular 
surface just in front of the dorsal fin. 



Tazr-ina. 97 .—Bagariua bagariua (Hamilton). 

Colour : Yellowish-brown with darker zones, one from the 
rayed dorsal to behind the pectorals and another from the 
adipose dorsal to the anal. 

Size : We have seen one 7 ft. 1 in. long exposed for sale in 
Siliguri bazaar, also one weighing 45 lb. caught on rod and line 
in the Sankos River. Day says it attains 6 ft. or more and 
records one caught on rod and line measuring 5 ft. and weighing 
136 lbs. 

Habitat : Usually only in large rivers but we have had it 
from the Riyang. Day gives—* Large rivers of India and Java, 
descending to their estuaries.’ 

Habits : Thomas (* Rod in India ’) says this is probably 
the largest fish caught on rod and line in India. As it takes 
Mahsser bait and then lies up on the bottom without fighting 
it is not popular with anglers. ' 

Batasio bataalo (Ham.), F.BJ,, No. 224 Oagaia baiasio. 

D. 1/7 I 0. P. 1/9. V. 6. A. 2/7. C. 17. Barbels 4 pairs. 

In general appearance resembles those species of MysHs 
which have a shoulder blotch and longitudinal bands, but has 
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shorter barbels. It therefore somewhat resembles Leioodms 
farm from which it is distinguished by having a longer adipose 
fin and a shorter anal. 

Barbels : The longest pair do not exceed the length of the 
head. 

Fins : Base of the adipose fin longer than that of the anal. 



Colour : Leaden above, yellow beneath. A dark longi¬ 
tudinal band along the lateral line expanding into a shoulder- 
blotch immediately below the dorsal fin. A second fainter 
and somewhat curved dark band midway between the lateral 
line and the dorsal ridge, commencing at the top of the opercle 
and ending about the middle of the adipose fin. It is connected 
with the dark colour of the dorsal ridge at the front part of the 
rayed dorsal. 

Size : Our longest specimen about 4 inches. Day says— 
* attaining three inches 

Habitat : Clear streams of the Terai and Duars. Day 
gives—‘ River Teesta.* 

Erethistes elongatus Day, No. 221. 

Bengali: BoUtengra ; Babha : Na-taram ; Hipdi 

(Bihar): Powan'itwjm, 

D. 1/6|0. P.1/6. V. 6. A. 3/7-8. C. 17. Barbels 4 pairs. 

A hard, bony little fish giving rather the impression of a 
miniature shark. 

Fins: The dorsal spine is serrated on both edges; the 
pectorals stand out stiffly in a horizontal plane. The caudal 
is deeply forked, the upper lobe being considerably longer than 
the lower (in a specimen 3*3 inches long the upper was an inch 
long and the lower half an inch. Day’s figure, reproduced below, 
does not show this). 

Colour: Day describes the body as being banded. Our 
specimens are almost black except for the fins. The dorsal is 
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i^vgined with a lighter colour the spine with alternate dark and 
light bands. Both the inner and outer margins of both lobes of 
the caudal are similarly checkered with darker and lighter colour. 
The pectoral, pelvic and anal fins are banded darker and lighter 
across their whole width. The adipose dorsal is black. 



Tbxt-iio 99 —Ereihiates elongatua Day. 


Size : Our longest specimen was 3-3 inches. 

Habitat : Our specimens were from small streams near 
Siliguri and from the Phuljhora (in the Apalchand Forest, 
Western Duars). Day describes a single specimen from the 
Naga Hills. 

Erethistes hara (Ham), F.BJ., No. 218. 

Plate 3, fig. 13. 

Bengali: Kutahanti or Kurkati ; Mechi: Bakheb ; 
Rabha : Na-paUhong. 

D. 1/6 I 0. P. 1/6. V. 6. A. 3/7-8. C. 15. Barbels 4 pairs. 
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with elevated spots or blunt bony spines. The caudal, though 
slightly forked, has not the elongated lobes of E. dongtUus. 

Colour : Olive brown with darker bands over the back 
opposite the pectoral, pelvic and anal fins, and another across 
the caudal. The pectoral spines are ringed with alternate darker 
and lighter bands, as are the larger barbels. Pectorals yellow 
with black dots. 





TbzT'HO. 10l,’~^EreihisU8 hara (Hamilton). A young speoimen. 

Size : Our longest 6 inches. Day gives 5} inches. 

Habitat: Small streams of the Terai and Duars. Day 
gives—‘Rivers and contiguous pieces of water, from Orissa, 
through Bengal, Assam, and Burma.’ 




Euchiloglanis hodgarti (Hora). 

1923. Olyptoetemum hodgarti, Hora, Bee, Ind, Mue,, XXV, p. 38, pi. ii, 

figs. 1, 2, 3. 

Nepalese: Til-kabri finr-WsCt. 

D. 1/0 1 0. P. 1/17. V. 6. A. 2/6. C. 13. Barbels 4 pairs. 

Body tapering from the wide, fiat head towards the tail, 
the belly fiattened between the horizontal pectoral fins and 
the partly horizontal ventrals. This part provides the fish with 
an adhesive apparatus which, however, is not so conspicuous 
as in Pseudecneneis mdcatua and the folds are only visible in 
&esh specimens. Day states that there is ‘ no thoracic adhesive 
apparatus ’ in this genus though he says that the chest ‘ appears 
to form a fiat adhesive surface, bounded by the striated rays of the 
pectoral and pelvic fins’. Maxillary barj^ls wide and spreading, 
flattened at thp base. Labial folds broadly interrupted, not 
reflected round the mouth. 




TsxT-Fia. 102 .—EuchUogUmia hodgarti (Hors). (Copied from 
Bee. Ind. Mue.) 

Habitat : Biyang and Bangbi Bivers from 2,()()0 to 5,000 ft. 
elevation. (Bapid mountain streams with stony beds.) 


Glyptothorax horai Shaw and Shebbeare. 

1037. Olyptothorcuo horai, Shaw and Shebbeare, Jour, Bom, Nat, Hist, 
8oo., XXX I X , p. 188. 

Nepalese : Kala Kabri 

D. 1/6 I 0. P. 1/9. V. 6, A. 1/9. C. 19. Barbels 4 pairs. 

Length of head 4}, height of body 5^ in total length. Width 
of head •? of its length. Width of mouth i that of head. " Upper 
jaw the longer; a very slight fringe* on upper lip. Barb ^: 
the maxillary pair extend half way along the pectoral fin; the 
nasal pair reach the back of the orbit; the outer (longer) pair 
of mandibular barbels reach the base of the pectorals. Teeth 
on the jaw but not on the palate. Fins: dorsal} height df body; 
spine moderately strong, smooth; adipose dorsal longer tfaw 
rayed dorsal and 5/8th of interspace between them, ^ctorals 
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reach to half way between base of pectorals and pelvics ; spine 
strong, flattened, with 8 or 9 strong curved teeth inteiiially 
—not plaited. Pelvics with fine transverse marking. Caudal 
peduncle about half as high as long. Adhesive apparatus 
extends from lip to half way along base of pectoral. On the gill- 
covers it curves outwards but on lip and thorax it consists of 
longitudinal folds; laterally it does not extend quite to the 
pectorals. In no other Olyptothorax that we know does the 
adhesive apparatus extend to the lip. 



Text-fig, K^Z.’^Olyptothorax horai Shaw and Shebbeare. 


Colour : Brownish yellow with a dark blotch on the shoulder. 
Anal and caudal fins darker at base and tip. 

Bize : Our longest specimen measured 4*4 inches. 

Habitat: Streams of the Terai (Bengal). 

The type specimen is in the Indian Museum, Calcutta. 


Glyptothorax llneatus (Day), JP.B./., No. 217 Euglyptoster- 
num Uneatum. 

D. 1/6 I 0. P. 1/10. V.6. A. 3/9-10. C. 17. Barbels 4 pairs. 

The adhesive apparatus on the chest has a smooth space 
in the middle, though this may be narrow in small specimens. 

Colour .“Mottled dark brown. Day says there is a narrow 
light band along the side but in our specimens this is very 
indistinct. The fins are paler with darter bases and a darker 
band across each. 
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Size: Oar largest 7J inches long, 
inches. 


Day gives up to 12| 



Text-fig. 104 .—Olyptoihorax hnecUus (Day). 


Habitat ; Small rivers of the Terai (Sivoke River) and Duars 
(Ghish and Chel Rivers). 

Glyptothorax telchitta (Ham.), No. 212 Olyptoatemum 

telchitta. 


D. 1/6 I 0. P. 1/8. V. 6. A. 2/9. C. 17. Barbels 4 pairs. 

The skin is covered with small longitudinal elevations. 
The longest pair of barbels (outer mandibular) reach the gill- 




Tbxt-fxg. 105 .—CflypMhoraa UiUhUta (Haxnilton). 


opening. Day says the pupil of the eye is circular but we have 
found it slightly oval longitudinally. There is a pectoral adhesive 
appcmtus. 
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Colour: Blackish browa, some yellow on the fins. 

Size : Our longest 4 inches; Day says 6 or 6 inches. 

Habitat: We have caught them in the pools and runnels 
to which medium sized rivers of the Duars such as the Qish are 
reduced in the dry weather. Day gives—‘Punjab, N.W. 
Provinces, Bengal, and Bihar.’ 


Laguvia ribelroi Hora. 

1021. Laguvia ribeirai, Hora, Hec. Ind. Mus,, XXII, p. 741, pi. zxbc, 

fig. 3. 

D. 2/5-6 I 0. A. 1/8. Barbels 4 pairs. 

Hora differentiates this species from X. shatvi on the follow¬ 


ing points:— 

L. ehawi. 

1. The nostrils are equidistant 

firom the tip of the snout and 
the anterior margin of the eye. 

2. The origiQ of the ventral fin is 

distinctly nearer to the base of 
the caudal than to the tip of 
the snout. 

3. The dorsal spine is almost 

smooth along both the borders. 


4. The skin covering the belly is 
smooth. 


X. rtbetroi. 

The nostrils are nearer to the tip of^ 
the snout than to the anterior 
margm of the eye. 

The origin of the ventral fiin is 
almost equidistant from the tip 
of the snout and the base of the 
caudal fin. 

The dorsal spine is finely serrated 
along the whole of its anterior 
border and also along the upper 
third of the posterior border. 

The skin covering the belly is 
corrugated to fbrm a kind of 
rudimentary adhesive apparatus. 



Tbxt-fig. 106. —Lagmia ribeiroi Hora. (Copied from Hse. Ind* Mub*) 

(a) Lateral view, z 2; (6) Ventral surface of head and anterior 
part of body, z 2. 


We have not had an opportunity to examine this species. 
Htdtitat: The t 3 rpe specimen was fomid in the Ehoila 
(Kharla ?) River, a tributary of the Tista at Jalpaigori. It was 
inches in length. 
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Laguvia shawl Hora. 

1021. Lag>lm4a shawi, Hora, jRee. Ind. Mue„ XXU, p. 740, pi. zxix, fig. 2. 
D. 2/6*6 I 0. A. 1/8. Barbels 4 pairs. 

Hora writes «♦ ♦ ♦ Closely resembles Erethiatea 

* from which it can be readily distinguished by the nature of its 

* gill-openings which are very wide. From the Genus Olypto- 
^thorax it differs in the possession of scapular processes, the 

* presence of free bony tubercles on the sides of the body and 
*in the absence of a well-marked adhesive apparatus on the 
‘ chest.’ {Note : We have found a rudimentary adhesive appa¬ 
ratus on the thorax in fresh specimens.) 



Tbxt-tio. 107.—Jkigtivfa Hora. 

Hora describes this species as follows: ‘ * Maxillary 

* barbels broad at the base and reach the base of the pectoral 
‘ fin. Dorsal spine strong, bony. Pectoral spine strong, almost 

* as long as head, serrate externally, possesses about 7 booked 
' spines internally. Caudal fin has an dmost semi-circular border 
‘with two sharp and pointed extremities. Two broad black 
‘ bands on pale yellow body.’ 

Habitait : Sivoke River and various streams near Siliguri. 
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Nangra punctata Day, No. 227. 

D. 1/6 I 0. P. 1/8. V. 6. A. 3-4/8. C. 18. Barbels 3 or 4 pairs. 

Day writes—"Very like the young of Oagata cenia but 
' may be at once recognized by the position of the barbels and 
‘ the broader head.’ In Oagata^ also, the gill-covers are 
confluent with the skin of the isthmus. According to Day’s 
figures of the two species there is considerable difference in the 
form of the adipose fin. 



TaxT-Fia. 108 .—Nangra punctata Day. 


Colour: Day gives—‘ Coppery glossed with gold on the 
sides.’ Our specimens have six transverse dark bands across 
the back reaching to just below the lateral line. The first of 
these is on the head, the second between the head and the pectoral, 
the third at the pectoral, the fourth at the anterior and the fifth 
at the posterior end of the adipose fin and the sixth across the 
tail. 


Pseudecheneis sulcatus (McClell.), F.BJ., No. 113. 

Plate 3, fig. 12. 

Nepalese: Kahri 

D. 1/6|0. P.1/13. V.6. A.2-4/7-9. C. 17. Barbels 4 pairs. 



TBXT-na. 109 .—Pceudcoheneia wtoaku (ModellaDuL). 

From the ftont of the dorsal fin the body tapers conically 
to the tail and forwards to the somewhat fiatl^^d head. The 
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under side of the thorax is flattened into an adhesive apparatus 
consisting of 14 transverse folds of skin between the pectoral 
fins^ which are horizontal. 

Oolour : Gre3dsh-brown with yellow blotches; fins red to 
yellow with black bands. 



Tbxt-fiq. 110.—Ventral surface of head and anterior part of body of 
Paeudecheneis aulcatus (McClelland). 

Size: Our largest 5*8 inches. Day says they attain 7-8 

inches. ^ , 

Habitat: The Riyang River from 800 to 1,600 feet elevation; 
at this part it is a swift mountain stream wit! a stony bed. 
Day gives—* Darjeeling and Khasi Hills.’ 


Sisor rhabdophorus Ham., No. 112. 

D. 1/6. P. 1/8. V. 7. A. 6(2/4). C. 11. Barbels 3 pairs 
and several shorter ones. 



Thxt-hg. 111 .—rAo6dc^A<)fw HamUto^ 


Elongated and tapering away from a flat head, the most 
striking feature being a filament from the upper edge of the 
caudal fin which may equal in length the rest of the fish. It 
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is protected by bony plates, those on the hinder half of the body 
being in the form of twelve osseous rings like those of a pipe-fish. 

Colour : Blackish above, lighter telow. 

Size : Day says that the largest he had seen was 8 inches 
excluding the caudal filament. 

Habitat : A single specimen was found by Dr. Hora among 
our fishes though we had not noticed it ourselves. Later Mukerji 
obtained a specimen from near SUiguri and, we think, he has 
since had more specimens from the Tista. Day gives—* Indus, 
Sind, Ganges, and Jumna rivers in Northern India, Bengal, and 
Bihar.’ 


Group VIII.—THE GAR-PISH. 

Xenentodon cancila (Ham.), F.BJ., No. 536 Bdone eancila* 
The Gar-fish, 

Plate 4, fig. 16. 

Bengali: Rankle ♦tWW or Kakhya (in the Terai): Thma 
c^lt^ ; Hindi: Kawa wtwt ; Mechi: Kankila ; Babha: Nakunta. 

D. 15-18, P. 11. V.6. A. 16-18. 0.15. 

Body elongate, both jaws lengthened into a long beak. The 
dorsal and anal fins similar and, being arranged symmetrically 
close to the tail, give the fish a torpedo-like appearance. 



Tbxt-ho. 112 —Xenentodon oanoila (Hamilton). 


Colour : Day gives—‘ Greenish-grey above, becoming 
whitish along the abdomen; a silvery streak having a dark 
margin extends along the body from opposite the orbit to the 
centre of base of caudal fin. The whole upper two-thirds of 
the body closely marked with fine black spots ; along the side, 
between the pectoral and anal fins, there are 4 or 5 larger blotches, 
these are absent in the young. Eyes golden.’ 

Size : Day says it attains at least 12 inches in length and we 

Habitat: Streams of the Terai and Duars especially in pools 
in clear, gravelly perennial streams. Day gives —* Fresh waters 
of Sind, Lidia, and Ceylon, also throughout Burma.’ 
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Group IX.—THE PIPE-FISH. 

Doryichthys deocata (Ham.), F.BJ., No. 1363. 

Pipe-fish. 

Plate 4, figs. 10 and 11. 

D. 30, P. 16. 

Body long, slender and sub-cylindrical covered with ridged 
bony rings, 16 on the body and 31 on the tail. Snout produced 
with small, terminal mouth. Dorsal fin opposite the vent 
covering 8 rings, 2 before and 6 after the vent. Pectoral, anal 
and caudal fins present but no pelvios. The caudal is very 
short. The male is smaller than the female and has a long groove 
on the abdomen in which he carries the eggs until they are 
hatched. 


OS 






TiDXX-ina. 113.— Doryi6hihy$ deocata (Hamilton). 

The lower figure represents the colour pattern of the fish. 

Colour : The male is brown and inconspicuous. The female 
is orange in ground-colour, each segment ornamented with a 
fleur-de-lis-like pattern in brown and olive outlined in mauve. 
Size : The male attains about 4J and the female 6 J inches. 
Habitat : The Panchenai Biver in the Teraiand small rivers 
in Borojhar Forest (Central Duars). Day gives—* Bivers of 

Bengal and Bihar.’ i. ^ 

Habits : They swim in an upright position. As noted above 

the male carries the eggs. 


Group X.—THB FISH WITH PEECH-LIKE DORSALS. 

Kbt to Fishes with Phboh-uhe Dobsaib in this Lmt. 
Lateral line, if present, continuous; soft Dorsal the longer: 

.pw 

Spiny and soft Dorsab touching 

Body laterally compressed, more or less translucent, so^ ^wdiyNm 
and uncountable .. Amboeeie {p. UO) 

Lateral 60 or more■ 

Caudal rounded; 1.1. 60-56 ^ . 8cit^ ooUor (p. 116) 

tapering to a point; LL 6Q Scicevioidee ^ 

Lateral 28-31; snout pointed Otenope ndbihe 113) 
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Lateral line present and interrupted; spiny Dorsal the loi^r:— 

Pelvios each a single filiform ray .. TridhogoBter (p. 117) 

Pelvics normal:— 

Lateral lines 46-57 .. Nandua nandua (p. 115) 

Lateral Ime 32 or less :— 

3 anal spines; 1.1. 26-33 .. .. Bodia iMdia (p. 112) 

9-10 an^ spmes ; 1.1. 28-31 Anabaa teatudineua (p. 112) 


This group, as already pointed out, is a very wide and a 
somewhat loosely-connected one containing, as it does, our 
few local representatives of the whole order Percofncrphi except 
the single genus Ophicephalua which we have ma*de into another 
group—^the Murrels. The fact that, of all Indian species in 
Day’s Fishes (Fauna of British India Series) more than half 
(750 out of 1418) belong to this order, shows its importance 
in India as a whole. We have listed only 17, namely the 11 
* Fishes with Perch-like Dorsals ’ given above and 6 ‘ Murrels ’ 
(out of a total of 9 in Day). 

The key above is an entirely artificial one and does not 
bring the species into their correct sequence (which is the ofie 
followed in our list on peges 4-8). Thus Badia badia and Ancdx;^ 
ieatvdinetLay which happen to come together in the key, are not 
close relations, in spite of their similarity in shape. 


Ambassis nama (Ham.), F.BJ., No. 628. 

Bengali (local): Chanda 8fwl, (Lower Bengal): Nama chdnda 
6fW1; Hindi (Bihar): Channa WHT. 

D. 7 I 1/13-17. P. 13. A. 3/14-17. C. 17. 



Tbxx-ho. 114 .—Ambaaaia nama (Hamilton). 


Deep and strongly compressed laterally, almost flat. Dorsal 
and ventral profiles about equally caavex. We confused this 
fish with A. ranga until Dr. Hora pointed out that both species 
ooonrred among our specimens. The dhief difference is that 
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A. noma has 2 or 3 large crooked canine teeth on either side of 
the lo'wer jaw whereas in A. ranga all the teeth are small. The 
former is usually not quite so deep in the body as the latter^ 
tlie height of the body in the total length being 2|-3 in A» nama 
against 2|-2| in A. ranga. 

Colour: Translucent yellowish with a silvery wash on the 
sides, covered all over with minute black dots which coalesce 
to form a shoulder spot just behind the gill-opening. 

Size: Day says it attains 3 or 4 inches; our largest was 
2} inches long. 

Habitat : Our specimens of this species were from the Indong 
Jhora (Central Duars) and from streams about Siliguri. It is 
probably common throughout the T^ai and Duars. Day 
gives—‘Throughout the fresh waters of India, Assam, and 
Burma.* 


Ambassis ranga (Ham.), F,B.L, No. 629. 

Bengali (local): Chanda fit?! (Lower Bengal): Ranga chdnda 
Ftwl tt?1; Hindi (Bihar): Channa WTITT. 

D. 7 I 1/13-15. P. 11. A. 3/14-16. C. 17. L. r. 60-70. 
In shape and colour this fish resembles A, nama but is 
rather deeper in the body. The chief distinction is in the teeth 
which are all small in A, ranqa. 



Tezt-txo. 115 .—AfrhoMuU ranga (Hamilton). 


Size : We have had them up to about inches long; Day 
says—‘ a few inches in length *. 

Habitat : Clear streams and rivers of the Terai and Duairs. 
Day gives—‘ Throughout India and Burma.* 
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Anabas testudlneus (Bloch), F.BJ., No. 1208 Anabdn 
scandens. 

The Climbing Perch. 

Bengali: Koi ; Babha: Na-kowi ; Hindi (Bihar): Kcbhai 

D. 17.18/8-.10. A. 9-10/9-11. L. 1. 28-32. 

Body oblong, laterally compressed, heiwi wide. A cavity 
above the gills contains an elaborate respiratory apparatus 
so that this fish can live for a long time out of water. The 
lateral line is interrupted at about the 17th scale. 



TBXT-rio. 116.—^Anodcur (Blooh). 

Colour: Greenish-brown, lighter beneath. Traces of four 
wide vertical bands but not so marked as in Badis hcdia which 
is rather like this species. Day says the young have a black 
blotch on side of base of tail, surrounded by a light, sometimes 
yellow, ring; usually they have a black spot at the end of the 
opercle. 

Size : Day gives—* Attaining at least SJ inches’. Our 
specimens have mostly been small. 

Habitat: Streams of the Terai and Duars ; not very common. 
Day gives—* Estuaries and fresh waters of India, Ceylon, and 
Burma, the Malay Archipelago and Philippines.’ 

Habits : This fish is said to travel for some distance on land, 
and even climb trees. We have not observed this. 

Badis badis (Ham.), F.BJ., No. 825 Badis luehanani. 

Plate 4, fig. 9. 

Bengali (local): Bot^koi (Lower Bengal) Bhedo ceort or 
Bheda csirt; Mechi: Na-dego ; Babha: Mqjipra(p), 

D. 16-17/7-10. P.12. A. 3/6-8. C. 16. L.l. 26-^3. 

The body is an elongated oval, lateirally compressed, the 
head is scaled. Th^ lateral line is placed high on the body but 
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is interrupted about 8 or 9 scales from the caudal and continues 
in the usual position on the tail. 

Oclour: Variable; there are usually a series of darker 
transverse bands on a ground-colour of dirty red, dark brown 
or dark green but, in larger fishes especially, the ground-colour 
is too ds^k for any bands to be visible. Day mentions bluish- 
black spots, one on the shoulder, another on the opercle and a 
third near the base of the caudal, as sometimes occurring. We 
do not appear to have noticed these. One smallish specimen, 
from the Apalchand Eiver in the west of the Duars, was very 
beautifully barred with scarlet and rose pink. 



Tbxt-ko. 117 .—Badta hadia (Hazoilton). 


8ize : Day gives—* At least 3i inches in length * and our 
largest specimen must have been about this size. 

Habited : Clear streams in the Duars and Terai, e,g, the 
Apalchand River and the Panchenai near the foot of the hiUs. 

Gtenops nobilis McClell., F,BJ.y No. 1211 Osphronemvs 
nMlia, 

D.6-6/7.8 P. 12. A. 6/23^25. C.16. L. 1.28-31. 



Tbzt-fxo. IIS.—Ctonop* nMha M o Caellaiid. 


Body deep, laterally compressed, the -^rent^ 
enxTSd the dorsal. Snout long and pointed. Ifiouth small. 
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oblique, protractile. Dorsal situated in the last third of the body. 
Outer pelvic ray prolonged into a filament. 

Colour : Brown ; a silvery white band, usually interrupted, 
passes from the eye to the middle of the tail. A second, still 
more interrupted, band from the pectoral along the side and a 
third along the base of anal. There is sometimes a difiuse 
black, lighter-edged ocellus at the upper part of the base of 
caudal. 

8ize\ Day gives—*at least four inches*. We have had 
them up to 3 inches. 

HMtat : Streams of the Duars, not common. We have also 
seen them for sale in Siliguri bazaar. Day gives—‘ Eivers of 
N.E. Bengal and Assam, extending into those of the hills 


Glossogobius giuris (Ham.), F.BJ., No. 1051 Oobius giuria. 

Plate 4, fig. 16. • 

Bengali (local): Bhalia (Southern Bengal) Beley ; 
Rabha : BhaUchata ; Hindi (Bihar) : Bhula q;jirT. 

D.6/1/8-9. P.20. A. 1/8-9. C. 17. L. 1.30-34. 

A long, tapering fish, head somewhat compressed vertically. 
Eyes placed on the top of the head and only Jrd to fth their 
diameter apart. Lower jaw the longer. Pelvic fins united 
forming a disc which is only attached by the base. 



TBxr-rxa. 119.—(Hamilton). 


Colour: Tra^^sparent yellowish-grey with vague blotchea 
of sepm along the lateral line. Pelvic fins spotted. 

Size : Day says it attains IJ feet. Our largest was only 
a few indies long. 

Habiiat : Streams erf the Terai and Duars, not oommem. 
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Ske: Day gives—^‘Attains a foot in length.' Our only 
Bpeoimen, from Silignri bazaar, was 7*3 inohes. 



Tmcx-no. 121 .—Sdmna eoUor (Hamiltoii). 


ft 

Habitat : Day gives ‘ throughout the larger rivers of India 
Our specimen was said to have come from Bihar but may have 
come from the Gkmges. 

[Sclssnoldes pama (Ham.)], FJS.I., No. 879. 

Plate 4, fig. 14. 

D. 10 I 1/40-43. A. 2/7. L. 1.66. No barbels. 

Body rather elongate, transversely compressed. Upper jaw 
with an outer row of curved and conical teeth, canine-li^ 
anteriorly, not large. Caudal fin tapering to a point. 



Tbxt^ro, 122.—5M'cwio{diMjMmo.(HamDton). 

Uefeur: Light brownish along the back becomina white 
beneath. 
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8iz€ : Day gives—‘ At least 5 feet Our solitary specimen, 

from Sili^i bazaar, was 7^ inches long. 

HabUoit : Day gives—‘ Bay of Bengal entering estuaries 
and rivers as far as the tide extends.* It would be interesting 
to know where our specimen was caught, as fish are not usually 
imported from farther afield than the Ganges crossing. 


Trichogaster chuna (Ham.), F.B.I,, No. 1212. 

Bengali: Chuna khalisha pi ^»ri. 

D. 17-18/7-8. P. 9. V. 1. A. 17-.20/11-15. L. 1. 27-29. 

Body deep, compressed; cleft of mouth small. Each pelvic 
fin consists of a single, filiform ray. Lateral line interrupted. 

Colour : Dull greenish or brownish, lighter along abdomen. 
A dark band along the side to the lower half of the tail. 



Tuxt-fio. 123.— Trichoffci^ter chuna (Hamilton). 


Size : Day gives—* The largest out of 20 specimens was 1*8 
inches long *. Our only specimen was 1*6 inches. 

Habitat: The Terai, where we found our only specimen. 
Day gives—‘From the Brahmaputra at Dibrughar, Upper 
Assam, to the Hooghli at Calcutta.’ 

Trichogaster fasciatus Bl. & Scjin., F.B.L^ No. 1214. 
Plate 4, fig. 7. 

Bengali: (coloured bands inconspicuous) Chopra cst*M 
(coloured bands well-marked) Khalisha Chdi ; 

Rabha : Na-prap. 



118 


G. B. SBAW A B. O. SHBBBBABB 


[VGL.. Ill, 


D. 16-17/9-13. A. 16-18/14-19. L.1.2ft-81. 

Body deep, compressed laterally. Cleft of mouth small. 
Each pelvic dn consists of a single, filiform ray reaching at least 
to the base of the caudal. Lateral line interrupted. 



Tbxt-7IG. 124 —Tnckogaster fasciatus Blooh & Schneider. 


Colour • Greenish or bluish above, dirty white below. Four¬ 
teen or more orange bands descend obliquely downwards and 
backwards from the back to the belly with intermediate blue 
bands which are often more conspicuous. Individual specimens 
vary from gaily-coloured fish to those in which the l^nds are 
hardly noticeable. Day notes a green spot on the gill-cover, 
pelvic fins edged with red and variegated with black, green, and 
white, dorsal and caudal spotted with orange and eyes red. He 
also notes that immature specimens have a black spot at the root 
of the caudal. 

Size : Day gives—‘ attains 5 inches ’. Our largest was about 
3 inches long. 

Habitat : Clear streams in the Terai and Duars. Day 
gives—‘ The Coromandel Coast as far as the river Kistna, the 
estuaries of the Ganges; Cachar, Assam, Punjab, North-West 
Provinces, Sind, and Burma.’ 


Group XI.—THE MURRELS. 

This group contains only one Genus in our area —Ophu 
cephalua —^the snake-headed &hes, best known to anglers by 
their one spcMiing member—the Mwrrd (0. maruUua). All 
species in this genus have cavities in the head whioh act as a 
primitive lung and this enables them to live for a long while 
out of water. 
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All the six species in our area are very much alike in shape 
though differing greatly in colour. For this reason any key to 
the genua based mainly on shape is less likely to be satisfactory 
than one based mainly on colour. As, however, it may be 
n^ssary to identify a specimen preserved in spirit which will 
have lost most of its colour, we have given a key of each kind. 

EIey basbd mainly on shape. 
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Key based mainly on Coloub. 


A, Feotorals plain: 

(а) Ocelli with centre darker and margin lighter than ground colour 

on lateral line or base of caudal or both— O. marvlius (p. 122) 

(б) Belly blue or green, orange bars on flanks O. amphibius (p. 119) 
(e) Blackish above, yellow below, lateral line with peninsulas of the 

darker colour extending into the yellow O. atricUua (p. 124) 

(d) Darker and lighter patches alternating above and below the 
lateral line. Chin not marbled .. O, punctcOus (p. 123) 

B. Feotorals spotted in zones, darker and ligher patches continuous 
above and below the lateral line. Chin marbled:— 

la) Pelvios Jrd. the length of pectorals ;~ciroular black spots each 
occupying part of a scale, base of dorsal iridescent blue in 
life stewa/rtH (p. 123) 

{h) Pelvios t the leii^h of pectorals; no black spots—O. gaohua (p. 121) 


Ophicephalus amphibius McClell. 

1845. OphicephaVue amphtbetta, McClelland, Cal, Jour, Nat, ELiat,, 
V, p. 275. . 

Plates 1 and 6. 


jy^oie.—McClelland’s 0. amphibius is united with 0. barca by 
Day under the latter name. The species here described does not 
agree, with Day’s description of 0. batw ^t see^ to agr^, 
except in colour, with the scanty notes of MoaellaJid s O. 
bists given in Day’s Fishes of Iwiia. Dr. Hora is lAolined to 
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Tsxt-wxo. 12S.—Speoies of OphiaepMu* from Northern Bengal. 

(a) OphiMtaolut manOim Hamilton; (6) 0. tmphibiiu MoOelland; 
( 0 ) 0. efrMtaa Blooh; («f) O. etowortj.- Playfeipj (e) O. gaoA«a HamiUon; 
(/)0.j)i«otortii*Blooh. 
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agree with Day in uniting the two species but, seeing that our 
8;^oiinens are all from the type locality of McClelland^s 0. tttnphi- 
b%u8 and local names and habits agree, while the colours agree 
better with 0. amphibius than wdth 0, barca as described by Day, 
we have ventured to use McClelland’s name. 

Mechi: Bora Cheng ; Rabha : Boma. 

D. 51. P.17. V. 1/5. A. 34. C. 14. L. 1.78. Barbels 2-retractile. 

In shape almost identical with 0. maruKvs. A pair of short, 
retractile, rostral barbels which are absent in the latter species. 

Colour : A gorgeously coloured fish. The ground-colour is 
blue when viewed obliquely and iridescent green when viewed at 
right angles to the surface. On the body this colour is sprinkled 
with dark spots, uniform in size but irregular in shape. These 
spots are absent from the belly, sparse below the lateral line and 
increasingly plentiful towards the back where they coalesce. On 
the head the spots are larger and rounded, rich brown boloti' the 
level of the eye and becoming darker and more plentiful towards 
the top of the head where they coalesce. The brightest blue 
(green) and richest brown are in the region of the upper lip. 
Along the body 13-16 more or less irregular vertical bands about 
equal in width to the interspaces between thorn and extending 
from the dorsal to below the lateral line. These are bright orange 
bordered with brown and merging into brown on the back and 
are free from dark spots. The dorsal has the basal half brown 
or orange, the outer half blue (green), darkening outwards 
but having a narrow pale blue or white edge. Pectoral deep 
orange. Pelvics blue. Anal iridescent blue (green) with a 
narrow dark border. Caudal brown at the base, then iridescent 
blue (green) with dark rays, then blackish with a narrow white 
or bluish-white border. 

Size : Our longest was 18-4 inches. 

Habitat : Russell obtained his specimens in the vicinity of 
the Chel River about 1845 and gave them to McClelland. Our 
specimens all come from this vicinity but Dent, who obtained 
these specimens, has subsequently received reports from Rabhas 
living immediately east of the Torsa which indicate that the 
species is found there also. 

Habits : The young are found, during the rains, in fiooded 
paddy-fields enclosed by forest. The villagers catch them and 
put them in their wells to grow. Large fish are found in water- 
pockets in the beds of dried-up streams in the forest.- Russell 
records that they are found in holes Bs much as two miles from 
the river. 

Ophlcephalus gachua Ham., F,BJ., No. 1205. 

Bengali: Cheng jjft; Nepalese: HUi Mechi: Na- 

serainieelo ; Rabha : Na-ram ; Hindi (Bihar); Chainga 
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D. 32-37. P. 16. A. 21-23. C. 12. L. 1. 40-46. 

Shape similar to that of O, mandius, but head scales latg^. 

Colour: Brown with a series of about eight darker brown 
bands sloping slightly forward from the vertical between the 
dorsal ridge and lateral line, sometimes produced below the later. 
Pectoral fin with three lighter zones alternating with darker. 
Day gives—* In the young there is often a large ocellus with 
a light edge on the last five dorsal rays.* We have never found 
this present. 

Size : We have had them up to about 8 inches. Day gives : 
* grows to at least 13 inches *. 

Habitat : Muddy or clear streams and ponds from 2,000 feet 
downwards. Day gives—‘Fresh waters throughout India, 
Ceylon, Burma and the Andamans, also near Gwadar on the 
Mekran Coast.* 


Ophicephalus marulius Ham., No. 1198. 

The Murrel. 

Plate 4, fig. 2. 

Bengali (local): Sdl iffii, iLower Bengal): Oajari ifftj% ; Hindi 
(Bihar): Bhor 

D. 46-66. P.18. A. 28-36. L. 1.60-70. No barbels. 

Body sub-cylindrical tapering from the fiattened, snake-like 
head to the rounded caudal. 

Colour : Brownish or greenish-grey above, paler beneath. 
This species is lighter coloured than others in our area. Four 
or five large ocelli, dark brown with a hinder margin lighter 
than the ground-colour, on lateral line. These are not present 
in young fish. A well-marked ocellus, brown surrounded by 
a ring paler than the ground-colour, on the upper half of the base 
of caudal. This is not found in some large fish. The pectorals 
are not spotted or striated. Young fish are shaped like the 
adults but have a wide, orange-red band down each side. 

Size : Day gives:—‘ attaining as much as 4 feet.* We have 
seen fish of this size in Siliguri bazaar ; those caught on rod and 
line in our rivers do not ordinarily ezee^ feet. 

Habitat : Clear rivers of the Terai and Duars especially at 
their junction with a side stream but always in the neighbourhood 
of mud or fine sand. Day gives :—* Frosh waters, principally 
rivers, from Ceylon and India to China *. 

Habits : Frequently takes a spoon and still more often dead 
bait. It can be a g<^ fighting fish but frequently settles 
on the bottom after a preliminary demonstration on the surfiekce. 
The mother is said to accompany the young which swim in close 
formation. 
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OphlcephaluB punctatus Bloch., No. 1206. 

Plate 4, fig. 1. 

Bengali (local): Taki (Lower Bengal); Lata ; 
Babha; Na-taki, 

D. 29-32. P.17. A. 21-23. C. 12. L. 1. 37-40. 

Bhape very similar to that of 0. marvlius, 

Cci ^; Brown on the back fading to lighter beneath. 
A series of about eight vertical darker l^ds above the lateral 
line alternating with a similar series below it. The last band 
before the caudal is continuous above and below the lateral 
line. Pectorals not spotted or striated. 

Size : We have had them up to 7 inches long. Day gives— 
" up to a foot ’. 

Habitat : Streams in the hills up to 2,000 ft., muddy streams 
and tanks in the Terai and Duars. Day gives—* Fresh waters 
generally in the plains of India, stagnant preferred to running *. 

Habits : Day, quoting GOnther in Ceylon, records that a 
female was taken in February containing 4,700 large, besides 
some smaller, ova. 


Ophicephalus stewartii Playfair, F.B./., No. 1204. 

Plate 4, fig. 3. 

Bengali: Dudu-cheng or Td-cheng ceewt?; Babha: 

Na^ram, 

D. 39-40. P.17. V.6. A. 27. C.14. L. 1.45-50. 

Shape similar to 0. marulivs, but the scales on the head 
are much larger. 

Colour : Dark brown on the back fading to lighter on sides 
and belly. A series of about eight indistinct darker bands 
sloping forwards are generally visible above the lateral line 
and for a short distance below it. Some scales have a well- 
defined, circular, black spot. These spots are more plentiful 
above the lateral line where they roughly follow the darker 
bands. Below the lateral line they are fewer and more regularly 
arranged. The dorsal has a deep blue iridescence alt>ng its 
base, during life, and is white or white and orange along its 
outer edge. The chin is marbled and the pectorals spott^ in 
zones. 

Size : We have found them up to 18 inches. Day gives— 
^ growing to about 10 inches ’. 

Habitat ; Clear streams in the forests of the Duars. Day 
gives—* Cachar and Assam, in both running and standing water ’. 
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Ophlcephalus striatus Bloch., F.BJ; No. 1208. 


Plate 4, fig. 4. 

Bengali: Shdl dlir; Hindi (Bihar): Sotvra 
D. 37-46. A. 23-26. L. 1.60-59. 

In shape this fish resembles 0. maruliua. 

Colour : Very dark brown above the lateral line, this colour 
continuing below this line in irregularly-shaped streaks, roughly 
parallel and a little oS the vertical (the upper end in advance 
of the lower). The rest of the lower half yellow or orange. The 
pectoral not spotted or striated. The young are orange-red, 
when 2 or 3 inches long. 

Size : Our longest just over 2 feet. Day gives—‘ three feet 
or more *. 

Habitat : Muddy rivers and tanks in the Terai and Duars. 
Day gives—‘ Fresh waters throughout the plains of India, 
Ceylon, Burma, China and the Philippines, especially delighting 
in swamps and grassy tanks ’. 

Habits : Dent says—* The young, 2 or 3 inches long, are 
orange-red in colour. On a flooded paddy-field, where the water 
is 2-3 feet deep, I have seen a mass of probably one or 
two hundred swimming all herded together like tadpoles. Al¬ 
though I have not actually seen the parent fish myself, all the 
local busti-wallahs assure me that the mother is always close 
by and will protect the young from danger.’ Day says—‘ These 
fishes take a bait very readily, especially a frog, and are said 
to rise to a salmon-fly ’. 


Group XII.—THE GLOBE-FISH. 

Tetraodon cutcutia Ham., F.B./., No. 1406. 

The Globe-Fish. 

Plate 4, figs. 12 aad 13. 

Bengali (North Bengal): Tepa (South) Potka 
Babha : Oangtkopa ; Hindi (Bihar): Phukcha WWWT. 

D. 10-11. P.21. A. 10. C. 7. 

Back broad, tapering rather abruptly to the tail. The fins 
are all rounded. There are no pelvic fins. Eyes large. 

Colour : On the upper surface the pattern is in two shades, 
a lighter (moss-green, minutely mottled) and a darker (greyish- 
brown or black). The head is dark with one or more transverse 
light bars across the snout and another joining the eyes. The 
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light bar between the eyes forms the base of a dark triangle, 
the apex pointing baokwards. A more or less triangular patch 
above each pectoral and a larger and denser one halfway between 
the pectoral and dorsal. The apices of these four rough triangles 
are directed towards a point in the back mid-way l^tween the 
pectorals forming a diagonal cross when viewed from above. 
Behind the dorscd the pattern is less definite except for a well- 
marked ocellus (dark centre with a light ring surrounding it) 
about where the lateral line might be expected to be and just 
above the anal. The chin and under side of the tail pearl grey; 
the remainder of the under surface white. The iris is golden 
yellow. 

Size —^Day gives : * attaining about 3^ inches ’ and we have 
had them up to about this size. 




HabiUxt: Slow-flowing, clear streaiils in the Terai and Duars. 
Day gives—* Kresh waters of Orissa, Bengal, and Assam \ 

Habits : When taken from the water they usually distend the 
oesophagus enormously with air so as to become co-spherical 
except for the short tail. In the water they constantly vibrate 
the pectoral, even when stationary, and appear to swim with 
the pectorals and dorsal only, often holding the tail on one side. 
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Group XIII.—THE SPINY EELS. 
Mastacembelus annatus (Laoip.), No. 1159. 

The Spiny Eel. 

Bengali (Northern Bengal): Bdm (Southern Bengal) 
Bheim Nepali: ChvM-bam ; Babha: Na-kraing; 

Hindi (Bihar): Bami 

D. 32-39/74-90. P. 23. A. 3/76-88. 

An eel-ahaped fish tapering to head and tail. Snout as 
in M. pancalu8. The vertical fins are confluent. No pelvic fins. 



Text-fig. 127, —Mastacembelus armatus (Lao6pdde). * 

Colour : Rich brown above, paler beneath. An undulating 
pattern in dark brown between the lateral line and the dorsal 
ridge is usually more pronounced posteriorly. It is sometimes 
produced forward as a blackish line through the eye. 

Size : Usually a larger fish than M, paucalus and * attains 
two feet or more (Day) The largest we have found was about 
a foot long. 

Habitat : Clear streams throughout the Tarai and Duars. 
Day gives—‘From Sind, throughout the fresh and brackish 
waters of the plains and hills of India, Ceylon and Burma to 
China*. 

Mastacembelus pancalus (Ham.), F.B.I., No. 1168. 

The Smaller Spiny Eel. 

Bengali (local): Turi (Lower Bengal): Paiikal ; 
Rabha : Thuri-bandha ; Hindi (Bihar): Ghiincha Ir^T. 

D. 24r-26/30-42. P. 19. A. 3/31-46. C. 12. 



An eel-shaped fish tapering to head and tail. Scales minute. 
The long) fieshy snout has a tri-lobed extremity with a conoavC) 
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but not striated^ lower surface. The first dorsal consists of 
free spines, increasing in length posteriorly. The soft dorsal 
and anal are separated from the caudal by a small notch. No 
piri.vic fins. 

Colour : Greenish olive along the back, yellowish beneath ; 
fins yellow with black spots. 

Size: Day gives—* at least 7 inches \ Our longest was 
about half this size. 

Habitat : Streams of the Terai and Duars. Day gives— 
‘ Large rivers of India and localities near the sea \ 

Rhynchobdella aculeata (Bloch), F.BJ.y No. 1155. 

Plate 4, fig. 8. 

Bengali: Ooichi ; Hindi (Bihar): Patgaincha VIWWT. 

D. 1-20/44-54. P.23. A. 0-3/44-52. C. 15. 

An eel-shaped fish tapering to head and tail. Scales minute 
but lateral line well-marked. 

The long, fleshy snout has a tri-lobed extremity with a 
concave, striated lower surface, the lower jaw being much shorter. 
Teeth minute. The first dorsal consists of free spines, 16-20 
in number according to Day, but one large specimen which we 
obtained from the Magurmari River (Apalchand Forest, in the 
west of the Duars) differed from the rest in having only one 
external dorsal spine and no anal spines. Wo first took this 
to be a new species but Dr. Hora, on dissection, found traces of 
the usual number of spines beneath the skin. Dorsal and anal 
fins not confluent with the caudal. No pelvic fins. 



Text-fig. 129. —Rhynchobdella aculeata (Bloch). 


Colour: Greenish or brownish-grey above fading to yellowish 
beneath, almost imiform with the exception of a faintly lighter 
longitudinal band between the lateral line and dorsal ridge 
extending from the base of the caudal fin, over the eye,^to h^ 
way along the snout. Fins light brojfu with darker mottling. 
Some specimens, usually the smaller ones, have a aeries of 3 to 9 
large black ocelli, having a white or buff edge, along the base 
of the dorsal. 

Size: Day gives—* Attaining 16 inches’ our longest 14 
inches*. 

Habitat: Most of our specimens were from muddy streams 
n the Apalchand Forest in the west of the Duars. I>sy gives— 
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* Brackish waters within tidal influence ’ but Inglis says it is 
common in Bihar where it is known as Patgaincka* 

Group XIV.—THE MUD EEL, 

Amphipnous cuchia (Ham.), F.B.L, No. 70. 

Bengali: Kuchia or KuAche or 

D. very rudimentary; P., V., A., and C. absent. 

An eel-shaped fish with a tapering tail which is flattened 
in a vertical plane. 

Fins: The only fin, the dorsal, is situated just in front of a 
vertical from the vent. 

Scales: Distinct and longitudinally arranged. 



Tbxt-fig. 130 .—Amphipnotia cuchia (Hamilton). 


Colour: Dark brown above with numerous still darker 
spots ; orange-brown without spots beneath. 

Size : Our longest specimen was 2 feet. 

Habitat : Mud holes in paddy fields in the Duars and Terai. 
Day gives—* Fresh and brackish waters of the Punjab, Bengal, 
^ Orissa, Assam, and Burma ’. 

Habits : Hamilton writes ; ‘ Natives reject it ‘ as food and 
imagine that its bite is fatal to cattle, although less ‘ powerful 
on the human kind—a supposition highly improbable ’. It is 
sold and eaten in the Duars and we have seen it handled quite 
freely, in fact the only way to catch it is to grope for it with 
the hands in mud. 
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multifasoiatus, 6, 69, 70,73, 74. 
rupioola, 74, 77. 

inglifli, 6, 69, 74, 75. 
savona, 6, 69,75, 76. 
dowma, 74, 75. 
soaturigina, 6, 70, 76, 77. 
shebbemi, 6, 69, 77, 78. 
spp., 63. 
vinoiguerrai, 73. 
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Keopterygii, 4. 

Kipati (Bengali), 27. 

Notopteridse, 5, 10. 

Notopteroidea, 6. 

Notopterus 

^tfiJa, 5,15. 
hapvrait 16. 
notopterus, 6, 16,16. 

Nuria 

danrioa, 29. 

Olyra, 79, 96. 

k^pi, 6, 80,94. 
longicauda, 94. 

Olyridffi, 6. 

Ophioephalus, 28, 110, 118. 

amphibius, 7,119,120, 121. 
amphibeus, 119. 
baroa, 119, 121. 
gachua, 7, 119, 120,121. 
marulius, 7, 118, 119, 120, 121. 

122, 123, 124. 

punctatus, 8, 119, 120,123. 
stewartii, 8, 119, 120,123. 
striatufi, 8, 119, 120. 124. 

Ophiocephalidfie, 7. 

Ophiooephaloidea, 7, 11. 

Opisthomi, 8. 

Oreinus, 18. 

molesworthii, 6, 17, 18. 

Osphroneznida;, 8. 

Osphronemus 
nobilis, 113. 

Ostariophysi, 6. 

Pabda (Bengcdi), 83. 

Panoas (Bengali), 86. 

Pangasiidse, 

Pangasius 

buchanani, 86. 
pangasius, 6, 80, 86, 87. 

Panoya (Bengali), 66. 

PAincAn (Bengali), 126. 

Patgaikcha (Hindi), 127, 128. 

Perooidea, 7, 11. 

Peroomorphi, 7, 110. 

PerUampua 

laubuca, 20. 

Pnaixai (Bengali), 16. 

Phansa (Ben^di), 14. 

Pholi (Hindi), 16. 

pHOLtri (Bengali), 16. 

Pbitkoha (Hindi), 124. 

Phttnkbita (Hechi), 63. 

PHI7TUNX-Fu2m (B^igali), 39. 

Pimdodue 

menoda, 92. 

Pife-fish, 8, 11,109. 

Pisces, 4. 

Pleetognatbi, 8. 

PoQAL (Hindi), 98. 


PoiA (Bengali), 67, 68. 

PoTBA (Bengali), 124. 

PowAN (Hindi), 98. 
Pseudeoheneis, 79. 

sulcatuB, 7, 96, 100,106, 107. 
Pseudeutropius 

garua, 6, 80, 87. 
murius, 6, 80, 86, 87, 88. 
spp., 89. 

Psilorhyohidse, 6, 10. 
Psilorhynchus 

balitora, 6, 60, 61. 

Bucatio, 6, 61 • 

Pttkti (Bengali), 42, 44. 

Puti, 44. 

Pern (Nepalese), 22. 

PuTt-KBBi (Meohi), 42. 

Raiamas, 19, 20, 21. 

Raioheno (Hindi), 46. 

Raig (Bengali), 46. 

Rakhbb (Meohi), 99. 

Ranga ohInda (Bengali), 111. 
Rasbora, 19. 

danioonius, 6, 30. 
elanga, 6, 30, 31. 

RasborinsB, 6. 

Rewa (Hindi), 46. 

Rbwa (Tharu), 66. 
Rh 3 mohobdelid», 11. 
Rhynchobdella 

aouleata, 8,127. 

Rita (Bengali), 96. 

Rita 

buchanani, 96. 
rita, 7, 89,95. 

Rohtee, 19. 

ootio, 6,58. 
duvauoelii, 68. 

Robxt (Hindi), 67. 

Rxti (Bengali), 67. 

Saab (Nepalese), 39. 

Saccobranchua 
fossilis, 81. 

SiL (BengaU), 122. 

SABNA-Fuim (Bengali), 41. 
Schilbeidse, 6, 80. 

SohizothorcusinsB, 6, 10. 
Sohizothorax 

progastus, 6, 17,18. 

Soisana 

ooitor, 7, 109,115, 116. 
Soiesnidie, 7. 

Soi&noides 

peuna, 7, 109,116. 

Semi^lotus, 19. 

macoUUcmdi, 59. 
semiplotuB, 6, 59. 

Shbtosa (Rab^), 48. 

SHiLOiiro (Bengali), 89* 

SkOl (BengaU), 124. 
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Silonia 

silondia, 6, 80, 89. 
SiLTOKA (Rabha), 48. 

Silundia 

gangetica, 89. 

Siluridffi, 6, 79. 

Siluroidea, 6, 11, 78. 

Silurus 

a/ghanOf 84. 

coohinchinensis, 6, 79, 84. 
SiNGHi (Bengali), 81. 

SiKOHi (Nepalese), 66. 

Sisor, 79. 

rhabdophorus, 7, 96, 107. 
SisoridsB, 7, 80, 96. 

Snow-trout, 9, 10, 17, 18. 
Solenichth^es, 7. 

Somileptes, 68. 

gongota, 6, 63, 71,78, 79. 
SoB-MAOHHA (Nepalese), 39. 
SowBA (Hindi), 124. 

Spiny Eels, 9, 11, 126. 

SuiYA (Hindi), 12. 
Symbranchii, 8. 
Symbranohoidea, 8. 
Synentognathi, 7. 
Syngnathidn, 7, 11, 

Taki (Bengali), 123. 
Tapxjouunda (Mechi), 83. 
Taba-bakji (Mechi), 94. 
Tel-ohbng (Bengali), 123. 
Tbnoana (Rabha), 93. 


Tbngba (Bengali), 91, 93. 

Tbpa (Bengali), 124. 

Tbb-has (Nepalese), 56. 

Teba (Nepalese), 56. 

Tetraodon 

cutoutia, 8,124, 125. 
Tetraodontidse, 8. 

Tetraodontoid^, 8, 11. 

Thona (in the Terai, Bengali), 108. 
Thota (Mechi), 115. 
Thitbi-bandha (Rabha), 126. 
Til-kabbi (Nepalese), 100. 
Tita-kabbi (Nepalese), 62. 
Tita-fu^Stti (Bengali), 43. 

Titabi (Hindi), 60. 

Tob (Bengali), 39. 

Tob (Mechi), 39. 

Triohogaster, 108, 110. 
chuna, 8, 117. 
fasciatus, 8, 117, 118. 

Tubi (Bengali), 126. 

Utta (Hindi), 35. 

Utti (Bengali), 56. 

Wallago 

attu, 6, 79, 84. 

Xenentodon 

oancila, 7, 108. 
Xenentodontidse, 7. 

Zebra-fish, 29. 
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II. Names in Bbnoau Sobift. 


93 . 

29. 

66 . 

112 . 

24, 26. 
108. 
^<tTl, 108. 
TW*si-*C5t, 36. 
63. 
44. 

62. 

62. 

^5, 128. 

128. 
^tf%, 99. 

64. 

62, 63. 
99. 

41. 

«ff»I»|1, 117. 

46. 

<ff^, 72. 

12, 14. 
»l^, 127. 
Wtf%, 122. 
«rr?pn, 87. 

«C^, 68. 
TO*lt8l, 48, 78. 
C^, 22. 

m, 110 , 111 . 


I fb^o*!, 16. 
prt <tf»prl, 117. 
C5?I1, 86. 

C6*l1, 19. 

C6»ff, 117. 
cemi, 117. 
6Itt, 121. 

26. 

23. 

123. 
cfem, 124. 
ciJt^n, 91, 93. 

39. 

43. 

'ift, 126. 
C««TCTt?, 123. 
C«ttsrl, 108. 

29. 

'Ttftoil, 29, 30. 

30. 

?t?lf5p‘t1, 30.. 
5?5«tt9t, 116. 
123. 

30. 

5p?r, 66. 
srw tt«rl, 110. 
27. 

5lt*Pl, 116. 

124 . 

126 . 

•tltWl, 66. 
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86. 

<lJt, 42, 44. 
67, 68. 
16, 

16. 

39, 

#6l, 14. 

112 , 
’fH’TW, 28. 
97. 

86 . 

69. 

Tfsi, 126. 

W. 38. 

(?K»J, 114. 
(?r|fr<T>tll1, 98. 
C#-fir«r, 94. 
CsiW*!, 84. 
C^W^, 84, 

38. 

'St^, 126, 

50. 

'5t5R4t^, 50. 


86 . 

'5t»ITl, 114. 
C®irl, 112. 
CSWl, 112. 
C5t»I1, 22, 23. 
*1^, 31. 

31. 

*1^, 31. 

39. 

39. 

*rt^?i, 68. 

80. 

88 . 

?»IT5I, 46. 

46. 

Wtrifl, 111. 

filfel, 96. 

67. 

961^, 123. 

fnfr, 81, 

fl®!?, 89. 

(Tit®!, 124. 

122 . 

41. 
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III. Names in Hindi Script. 


93. 

®»rW, 127. 

Win, 17, 18. 

Sfl, 22. 

36. 

93. 

38. 

^^n®, 98. 

106. 

wire, 22. 

WWT, 108. 

124. 

wnin-»w?V, 101. 

H). 

^«TT, 112. 

®W, 86. 

St®, 68. 

®T®T<, 97. 

r)8. 

WT^, 126. 

5^, 23. 

14. 

5^,53. 

96. 

ir®, 66. 

ev 

®^, 48. 

W, 126. 

t®n®®T, 92. 

jft?!, 63. 

®t®®T, 63. 

16. 

84. 

97. 

26. 

®\®T, 47. 

Mtn, 114. 

cs 

Wl, 110, 111. 

iftT, 122. 

ftrw, 19. 

»?WT, 23. 

^®m, 126. 

46. 

44, 69. 

®Vft, 15. 

88. 

f®r, 46, 56. 

^f®T, 121. 

1^, 46. 

^T, 95. 

67. 

#»TT, 82. 

84. 

fic®i^, 60. 

48. 

®W®, 66. 

®1T, 39. 

66. 

N9t, 66. 

22. 

«t®T, 12. 

62. 

®W,' 124. 

100. 

®TW, 39. 

^T, 27. 

f%®roT, 13. 

^•WTO, 66. 

36. 

. 71. 

f®*, 121. 



Explanation to Plate 2. 


Fig. 


1. —Nemachilua hotia (Hamilton). 

2. — Lepidocephalichthya guntea (Heunilton). 

3. —Pailorhynckua bahtora (Hamilton). 

4. -—Borilitta aJvacra Hamilton. 

6.— Danio devario Hamilton. 

6. — Labeo panguain (Hamilton). 

7. — Labeo dero (Hamilton). 

8. — Aaphdoparia jaya (Hamilton). 

9. — Girrhinareha (Hamilton). 

10. —Barihua vagra Hamilton. 

11. - Labeo gonitis {H&mWton). 

12. —Croaaocheiltis latia (Hamilton) 
id,— Raabora eUnga (Hetmilton). 

14. — CMa bacaila Hamilton. 

15. —Danio aequipinnatua (McClelland). 

16. —Laubtica latUmca (Hamilton). 
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Plate 2. 



Explanation to Plate 3. 


Fi(i. 1. -Mijfitus fteenghaln (Syken). 

,, 2. -MiffiluH ntenoffa (Hamilton). 

,, —Myfifus cavaaius (Hamilton). 

,, 4.—L(‘tocassifi rat)Kt (Hamilton). 

„ o -WctlUujo attu (Bloch & Schneider). 

,, 6, - Mystus blvikcri (Day). 

,, 7. — Cnllichroufi p(th<in ITamiltoii. 

,, H- Olt/ra kempi Chaudhuri. 

,, t). Hcivropnvusles Jossilis (Bloch). 

,, 10 . -(JhirtdH Ixitrachihs 

,, il.—Psemlvuti’opiufiijarua (Hamilton). 

,, ll \—Pscudcrhcnctfi siilcatiis (MctMelland). 
,, 13. Mm (Hamilton). 

,, 14.—17/ (tva chdca (Hamilton). 
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Explain ATioN to Plate 4. 


1. -OphiccphfUuff ptwctdtus T^lnch. 

2. —()}thiveph(tluK nuiruliiis Hamillon. 

3. Ophirep/talufi stcwaiiii Playfair. 

4. Op/iicrphahtfi fitnatHN BJofli. 

■NotapU>rnn vhitdla (Hamilton). 

0. -Nofopirriis tiotop/crus (Pallas). 

7. - Tnchopofitcr fafictdtua (Bloch <fc Schiioi(l(T). 

8. lihffnchohdclhi uvulenla (Bloch). 

9. B(tdis h((di.s (Hamilton). 

10. — lk)rn'tchthyn deoonta (Hamillon). Fcinah*. 

11. J)ork'hihijH deovnta {\\.Vim\\ton). Malt*. 

12. -Tvtraodon cutcutia Hamilton. Whtm in walor. 

13. —Tviraodoti cutmtUi Hamillon. When taken out of 

water, 

I 4. - Srinnoides pamn (Hamillon). 

1 o. —Xvnentodon rancila (Hamilton). 
l(i.— Qlosfiogohins giuris (Hamilton). 
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Plate 4. 



Fishes oi Northern Bengal. 




ExrLANi^TION TO E^te 5. 


Fici. 1. —Barbus stUmin (CJuvior & V’al(‘iicienii<w). 
„ 2, Barbus saruna (Hamilton). 

„ 3. —Barbus chaqiinio (Hamilton). 

„ 4. -Anvblypharynqoihn mala (Hamilton). 

„ f).— Barbus tithis (Hamilton). 

„ (i .-—Lissochcilus dukai (Day). 

„ 7.- Barbus putUora (Hamilton). 

„ 8. —Scmiplotus semiplot us (McClellaiulj. 

„ 9 .—Catla catla (Hamilton). 

„ \{).— Barbus licto (Hamilton). 

„ 11 .—Labvo calhasu (Hamilton). 

„ 12. —Labvo nandina (Hamilton). 

„ 13. —Barbus vonehonius (Hamilton). 
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1. Intboduction. 

The histology of the digestive organs of Isopods has engaged 
the attention of several zoologists like Mayer (1879), Webber 
(1880), Huet (1885), Rosenstadt (1888), Ide (1892), McMurrich 
(1898), Murlin (1902), Apathy (1908), Jordan (1913), Nusbaum 
(1917-1920), Patrick (1927) and Nicholls (1931). They have 
made valuable contributions towards the elucidation of the 
problems of secretion, digestion, and absorption in the alimentary 
tract. But in the light of recent advances in cytology many 
points still remain to be elucidated, especially the secretory 
phenomena in the glandular cells of the hepato-pancreas. This 
aspect of the problem and the study of the cells in the living 
condition have been the chief interest in my work. 

The specimens chosen for study were Ligia exotica Roux 
and ArmadiUio elevatvs Verhoeff. The former is a common 
brackish water form of the Coovupa Rivei*, Madras and is practi¬ 
cally adapted for life on land, for it can live oul of water for 
long hours. It is usually founH crawly on the wet muddy 
banks of the river and its canals or clinging to the keels of boats. 
It is omnivorous in diet, and in the laboratory has been noted to 
eat even cork and spon^ that were used as mere substrata for it 
. to live on. ArmadUlio u a purely terrestrial form and lives under 
stones or decaying vegetable matter and feeds on organic debris 

( 1 ) 
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I. Introduction. 

The histology of the digestive organs of Isopods has engaged 
the attention of several zoologists like Mayer (1S79), Webber 
(1880), Huet (1885), Kosenstadt (1888), Ido (1892), McMurrich 
(1898), Murlin (1902), Apathy (1908), Jordan (1913), Nusbaum 
(1917-1920), Patrick (1927) and Nicholls (1931). They have 
made valuable contributions towards the elucidation of the 
j)roblem8 of secretion, digestion, and absorption in the alimentary 
tract. But in the light of recent advances in cytology many 
points still remain to be elucidated, especially the secretory 
phenomena in the glandular cells of the hepato-pancreas. This 
aspect of the problem and the study of the cells in the living 
condition have? been the chief interest in my work. 

The specimens chosen for study were Ligia exotica Roux 
and Armadillio elevatus Verhoeff. The former is a common 
brackish water form of the Coovum Rivei*, Madras and is practi¬ 
cally adapted for life on land, for it can live out of water for 
long hours. It is usually found crawling on the wet muddy 
banks of the river and its canals or clinging to the keels of boats. 
It is omnivorous in diet, and in the laboratory has been noted to 
eat even cork and sponge that were used as mere substrata for it 
to live on. Armadillio is a purely terrestrial form and lives under 
stones or decaying vegetable matter and feeds on organic debris 

( 1 ) 
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2. The j^atomy of the Digestive Obgans. 

In both Ligia and ArmadiUio the alimentary canal is a 
straight tube, running through the middle of the body-cavity. 
The mouth is ventral in position and opens into the narrow 
oesophagus which dilates to form the so-called ‘stomach’ or the 
main part of the fore-gut. The fore-gut passes imperceptibly 
into the intestine. At the junction of the fore-gut and the 
intestine, in the mid-ventral line, opens the common median 
duct of the moniliform hepato-pancreatic glands of which there 
are three pairs in Ligia and two in ArmadiUio extending the 
whole length of the body-cavity and practically enveloping the 
intestine (fig. 1, a. and b.). 



Fig. 1. a. Dorsal view of the Digestive Organs of Ligia exotica, 6, 
Ventral view of the same, an., anus; d,o.p,, dorsal opening of 
the common duct of hepato-pancreatic tubules; /.gr., fore-gut; 
h.p,, hepato-p£uioreebs; oes., oesophagus; rec^., rectum; 8ph,m,, 
sphincter muscle; etr,, stratification of epithelium; typh,, 
typhlosole. (x cir. 2^), 


The intestine is a straight tube which presents special 
features along its dorsal and ventral aspects. The dorsal surface 
in both the genera is marked by a groove, more prominent in 
ArmadiUio than in Ligia, This groove extends from the anterior 
end to about half the length of the intestine in Ligia (fig. 1, a) 
and three-quarters in ArmadiUio (figs. 4 and 6) indicating an 
internal folding of the intestinal epithelium or the typhlosole. 
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In Ligia the epithelium of the posterior half of the intestine is 
disposed biserially on either side of the mid-ventral line, giving 
it a characteristic pinnate appearance externally (fig. 1, b). 
The terminal portion of the intestine is marked by the presence 
of an extensive thick sphincter muscle, beyond which the intestine 
dilates into the rectum and opens to the outside through the anus. 

The part of the gut between the opening of the hepato- 
pancreas and the beginning of the rectum is usually termed the 
‘midgut’ in Isopods, but it is a misnomer since this part of the 
alimentary canal is not endodermal in origin. Embryological 
work on Isopods has shown that ‘the digestive tract is formed 
almost entirely from two ectodermal invaginations (viz. the 
stomodaeal and the proctodaeal), the mesenteron being repre¬ 
sented principally by the hepato-pancreatic lobes, only a very 
small portion of the intestine, just where the hepato-pancreatic 
lobes unite with it, being possibly endodermal’ (10, 1895). 


3. The Histology and Cytology of the Intestine 

AND THE HePATO-PANCREAS. 

(tt) The Intestine, 

To study the histology of the digestive system, the animals 
were dissected alive in a fixing fluid or in normal saline, so 
that very little time was allowed for post-mortem changes. 
Bouin’s, Carnoy and Corrosive sublimate were used as fixatives 
and these with Iron-haematoxylin invariably gave excellent 
results. For a more detailed study of cell-inclusions, Flemming’s, 
Champy Kull, (’iaccio’s. Da Fano, Nassanov, and Weigel’s 
modification of Mann Kopsch were employed with satisfactory 
results. 

Nicholls describes in full detail the fore-gut of Ligia oceanica 
(12, 1931). He finds that this chamber is equipped with a 
complicated armature of ampulla} and lamella? for the extraction 
of liquid food, and that it has a filtering apparatus to strain the 
liquefied filtrate from the solid particles. He further adds that 
in Ligia oceanica the intestine and hepato-pancreas can absorb 
only liquefied food, a point which has been confirmed by me in 
Ligia exotica. 

The fore-gut passes into the intestine which possesses the 
typhlosole in its anterior region. In a transverse section, the 
wall of the intestine presents the following layers beginning 
from the coelomic side (figs. 2 and 3) : (1) a discontinuous layer 
of longitudinal muscle-fibres, (2) a continuous layer of circular 
muscle-fibres, (3) a thin basement membrane, (4) the intestinal 
epithelium, and (5) a thick internal cuticular layer or intima. 

The muscular layers are not sharply marked off; as a 
* matter of fact, both the longitudinal and circular layers usually 
interlace so that it is difficult to make out their independent 
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existence. The basement membrane is thin but very definite. 
The epithelium forms the most important layer and is made up 
of a single layer of cells. The cells are demarcated by large 



Fig. 2 A transvoise section of the typhlosolar region of the intestine of 
Ltgta exotuAi. b,m., basement membrane, c.rn , circular muscles, 
gr,cg., granular cytoplasm; t,ch,, inner chitin, /.ra., longitudinal 
muscles, A,, nucleus, oxh,, outer chitin, s /., supportive fibres; 
vac,, vacuoles. (x 600). 


chr. 



Fig. 3. A transverse section of the mtestme of ArmadUho to show 
details of histology. Letters as m fig. 2. (X 600). 

nuclei, the intervening cell-walls being absent. This feature had 
been observed by previous workers like McMurrich and Murlin in 
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other Isopods also, and they have described the epithelium as a 
"ayvcyfium' —a feature undoubtedly present in Ligia and 
ArrmdiUio. 

The structure of the intestine in Ligia and Armadillio 
presents several interesting features. Firstly, the typhlosole is 
most prominent in Armadillio and forms an infolding of the 
epithelium, extending laterally on either side into the lumen 
of the intestine like two horns (fig. 5) ; in Ligia exotica, on the 
other hand, the typhlosole is poorly developed (fig. 2). Secondly, 
the relative thickness of the epithelium varies in the two genera : 
in Armadillio the intestinal epithelium at the anterior end of 
the mid-gut is thinner on the dorsal and lateral sides, but 
enormously thicker on the ventral wall, about three times as 
thick (fig. 5). Posteriorly this thickness diminishes gradually till 
the epithelium on all sides is of a uniform thi(‘knes8. Tlie signific- 
an(*e of this variation is not well understood ; perhaps it is 
correlated with the greater degree of absorption in the anterior 
region. In Ligia the dorsal region of the intestinal epithelium 
is thrown into folds on either aide of the typhlosole l)ut there 
is no marked difference in the thickness of the cells in this region. 
Posterior to the typhlosole, how^evcr, there is a ventral groove, 
which is easily visilrle on a dissection of the (mtire gut. This 
groove is formed by a curving in of the intestinal wall, the 
cells on either aide being longer and closely packed, thus giving 
a characteristic pinnate appearance externally. 

In the S 3 mcytial epithelium of the intestine, the distribution 
of nuclei sIkhvs very clearly the cellular limits. In many places 
the basement m(‘inbrane is lifted up between the two neighbouring 
cells and the internal cuticular lining of the (‘clls is drawn in 
betwerm the two adjacent cells. The epithelium is further 
characterized by the presence of ‘supportive fibres’—-‘longitudinal 
thickenings of the cytoplasm—^running from the basement 
membrane to the cuticular layer, which are all that suggest 
something of the nature of the cell-walls, but are indeed more 
(numerous than the nuclei’ McMurrich (10,1898). The suppor¬ 
tive fibres are disposed in bundles and are abundant in the tyx^hlo- 
solar region. In between the fibres the cytoplasm is granular and 
big vacuoles are seen prominently towards the intima. It is possi¬ 
ble that both vacuoles and granules may be concerned with 
absorption in the intestine. The nuclei are large and spherical, 
often oblong and even amoeboid, with a clear nuclear membrane 
and a large number of chromatin granules. The nucleoli are also 
seen in a few cells. , 

The internal cuticle is surprisingly thick but without pores, 
although Murlin (11, 1902) is of opinion that in land Isopods 
the intima is provided with microscopic pores, while McMurrich 
and Nicholls failed to establish the occurrence of these pores. 

■ I agree with the two latter authors, as I have also failed to see 
any pores in my numerous preparations. The cuticle is definitely 
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composed of two layers, of which the inner is thicker and contains 
many closely set cavities, while the outer is thinner and 
homogeneous. 



Pig. 4. A surface view of the typhlosole in ArmadUlio, c., cells bordering 
the groove of the typhlosole; int» ep„ intestinal epithelium; typh, 
lu,, lumen of the typhlosole. (x oir. 26). 

An interesting but obscure feature of the histology of the 
gut is that both in Liffia and Armadillio certain structures called 
"blisters’ are present on the wall of the gut. These are found 
usually in animals which have had a good meal before being 
killed. On sectioning the intestines of such forms, it is observed 
that the intestinal epithelium undergoes profound changes 
in the blistered portions. The internal cuticular layer gets 
separated off from the overlying cytoplasm which is filled up 
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with densely crowded and deeply staining granules. The sup¬ 
portive fibres are very scanty or even absent, and when present 
are found to be attached to the basement membrane alone in 
broken bits. The nuc^lei are unaffected and either occupy the 



Fio. 5. A transverse section of the intestine of Armadtllio, L, lumen of 
the intestine ; lat.w., lateral wall of the intestinal epithelimn ; 
ti/ph., t 3 rphlosole; v.ep., ventral epithelium. (X 266). 

usual basal position or move up to the luminal border. The 
great increase in the granules of the C 3 rbopla 8 m and the absence 
of supportive fibres are notable features and are undoubtedly 
related to some phase of absorption by the cytoplasm, ‘the true 
significance of which is not understood yet’ (12, 1931). Nicholls 
reports the same phenomenon in /jigia oceanica and it is stated 
that in the intestine of insects this is a phenomenon of common 
occurrence (Imms) and in fact in all articulated animals 
(Pavlovsky). 

(h) The Hepato-pancreas, 

A study of transverse sections (figs. 7 and 8) shows that the 
hepato-pancreatic cells are supported by a basement membrane 
and are surrounded by a muscular layer which controls the 
rhythmic movements of the glands. Externally each tubule 
is protected by a serous membrane which is thin and structureless 
and often peels off from the underlying layers in fixation. 

The hepato-pancreatic gland consists of two types of cells: 
(1) tall columnar cells which are found in large numbers, 
and (2) wedge-shaped cells, which are small in numbers and 
are distributed among the cells of the first type. Each cell has 
its own thick cuticular wall, the chitinous nature of which has 
been verified by Patrick (14, 1927) by using the specific test of 
Pantin and Rogers for chitin. 

The tall columnar cells have narrow bases where the nuclei 
are lodged. The nucleus is large and has a clear definite nuclear 
membrane; the chromatin granules are large and numerous; 
the nucleoli are prominent, their number varying from one to 
several. The cytoplasm is conspicuously alveolar, the alveoli 
* being of varying sizes, the larger alveoli l^ing found towards the 
luminal border. In fresh glands these cells are found to contain 
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yellow oil globules apparently of the nature of fat. On treatment 
with Sudan iii the yellow globules turned red, thereby showing 
the lipoidal nature of the globules. 

gll 


€ rem 


Fig. 6 . A transverso section ot the hopato-patinoas of Armmhllw to show 
Iipoidal sccrotion. act,c,c.f active columnar colls; acf.w,(\, 
active wetlgo-shaptMl colls; c,disc,, cells discharged; c.rem., 
cell-remnant; f.d., fat droplets; < 7 /./., lumen of gland; N,, 
nucleus. (x 266). 

In fixatives like Bouin’s, Carnoy’s and C’orrosive bubhmate, 
the vacuoles stand out well-defined. To determine the nature 
of these vacuok's precisely, tissues were fixed in Flemming and 
Champy Kull. In these osmic preparations the cytoplasm is 
found to be loaded with black globules in these vacuolar areas 
(fig, 8). When treated long with xylol or vidth turpentine, these 
black globules dissolve away leaving the vacuoles clear, as 
in Bouin’s and Carnoy’s fixatives. The blackening with osmic 
acid shows the fatty nature of the products in these vacuoles, 
also the fact that xylol can dissolve the fat shows that this fat 
is of the neutral type. Therefore these cells are proved to be 
concerned with the absorption and storage of fat. 

As regards the wedge-shaped cells they are found to be 
more granular in all fixatives as compared with the columnar 
cells. These granules are finely distributed around the nucleus 
and stain intensely with Iron-hsematoxylin. Besides these, 
larger granules are also preset in these cells which are glistening 
in appearance and are yellowish brown in colour. They hardly 
take any stain and have been identified as zymogen granules of 
the hepato-pancreas, bodies which are concerned with the pro¬ 
duction of enzymes (fig. 8). These are very much more 
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conspicuous in ArmadilUo than in Ligia, Perhaps the complete 
terrestrial habit and consequent change of food may be the reason 
for increased enzyme production in the former. 

Zymogen granules have been detected by Murlin, Me- 
Murrich, FVenzel and Nicholls, who all agree in their description 
of these granules. Patrick too identifies refringent granules in 
these cells, but comes to the conclusion that they are granules of 
mucin or its precursor mneigen. To test the correctness of 
Patrick’s statement histo-chemical test for mucin was employed. 
Glands were fixed in corrosive sublimate and stained in specific 
stains for mucin such as Thionin, Toluidin blue, Mucicarmine and 
Methylene blue. Thionin and Methylene blue gave the best 



Fig. 7. A transverse section of the liepatu-pancreas of Ligm (CJorrosive 
sublimate and Methylene blue) b,m , basement membrane; 
mucin granules, JV., Nucleus; woe., vacuoles. (X600). 

positive results, mucin granules being stained reddish purple. 
It is absolutely clear, therefore, that mucin granules are present 
in these cells. But are they the yellowish brown, reMngent 
granules of other preparations ^ To solve this problem, sections 
of glands in various fixatives werp carefully compared. Z 3 rmogen 
granules are found to be best preserved in all osmic preparations, 
partly in Ciaccio’s and hardly in corrosive sublimate. They are 
formed of complex chemical substances that stain with great 
difficulty. Acid fuchsin and Methyl green stain them red and 
.they can thus be differentiated from the mitochondria which take 
up a purple coloiu* with these stains. These observations corro- 
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borate those of Murlin’s. Now, considering that the yellow 
granules are not preserved by corrosive sublimate, in which mucin 
specific stains react best, how can Patrick conclude whether 
they are granules of muoin or mucigen ? I have tried to stain the 
zymogen granules, where they are preserved, in Methylene blue, 
in which they are found to take up a blue colour, but not the 
characteristic metachromatie purple stain, which Methylene blue 
imparts to mucin granules. We come to the problem again. 
Are both thc'se granules the same, or are they two different 
inclusions in the hepato-panoreatio cells ? My opinion is that 
they are entirely different cell-inclusions. Mucin is undoubtedly 



Fig. 8 . A transverse section of the hepato-pancreas of Armadilho 
(Champy-Kull and Acid Fuohsin). ch,w,y chitmous wall; /.d., 
fat droplets., Z.r.c., large columnar cells, n., nucleoli; z.gfr., 
zymogen granules. ( x 600). 

produced by the wedge-shaped cells and most probably helps to 
carry the zjunogen granules (fig. 7). 

Besides these granules, fat globules are also found 
occasionally in the wedge-shaped cells both in lAgia and 
AmmdiUio. We have alre^y observed the occurrence of a large 
amount of fat in the tall columnar cells. What is the origin 
and distribution of fat in the hepato-pancreas? To settle tins 
point, glands were fixed in Ciaccio’s mixture for lipoids and 
stained in Sudan iii. When examined it was found that lipoidal 
granules, stained orange-yellow, occur in both columnar and 
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wedge-shaped cells, showing thereby that both types of cells 
manufacture lipoids and the distinction as raised by Webber 
and supported by Patrick is untenable. 

Frenzel, Murlin and Nusbaum consider that the smaller cells 
are the young stages in the cellular growth of hepato-pancreas. 
The last author thinks that the wedge-shaped cells are more 
concerned with enzyme production, although fat is also syn¬ 
thesized in them to a small extent, while in the columnar cells, 
fat accumulates so as to fill up the cells, and that little or no 
zymogenesis occurs in these cells. My observations confirm 
these conclusions of Nusbaum. 

4. The Physiological Activities of the Intestine and the 
Hepato-pancreas with special reference to 
Absorption. 

Since both the intestinal epithelium and the cells of the 
hepato-pancreas are lined with a chitinous cutide, the problem 
of absorption has been of great interest to all workers on the 
digestive system of fsopods. To summarize the work already 
published on tliis point we might mention the following:— 

(I) McMurrich (1898) is of opinion that the ‘mldgut^ of 
Isopods does not play any part in absorption but that it serves as 
a reservoir of food. It is the hepato-pancreas that is both 
digestive and absorptive, a statement for which he does not 
adduce any experimental evidence. 

(II) Murlin (1902) thinks that the cuticle is porous and 
gives experimental evidence to show that fat and certain albu¬ 
minous substances are absorbed through the epithelium of the 
intestine. He also says that a microscopical study of the 
absorption of fat indicates that fat is hydrolysed by digestive 
enzymes and that it is absorbed in the form of cleavage-products 
and at least partially synthesized into neutral fat under the 
influence of ferment action. But he also does not adduce any 
experimental proof. 

(III) Nusbaum (1917), by feeding the animals on Ferric 
peptonate and staining the sections with Potassium ferrocyanide 
and Hydrochloric acid, found that both the intestine and hepato- 
paiicreas were absorptive. 

{IV) Aubery NichoUs (1931) working on Ligia oceanica at 
the Pl 3 nnouth Laboratory reports that he has been able to 
demonstrate that the ‘midgut' throughout its length and the 
hepato-pancreas are both absorptive. He followed Yonge's 
method (1926, b) and fed the animals on colloidal iron in the 
form of Ferrum oxydatum saccharatum. After a given period, 
the gut and hepato-pancreas were fixed in 5% solution of 
ammonium sulphide in 90% alcohol, to which an equal quantity 
of Bouin's fluid was added. The sections were then treated with 
a 10% aqueous solution of Potassium ferrocyanide followed by a 
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few minutes in a dilute solution of Hydrochloric acid, and a 
bright Prussian blue colouration resulted wherever the colloidal 
iron had been absorbed. In the hepato-pancreas the absorbed 
ii on was found to aggregate around the zymogen granules. 

In order to investigate the range of absorption in Ligia 
(xotiaiy I first fed the animals with powdered carmine, and at 
varying intervals, ranging from 2-38 hours, dissected the 
alimentary canal, fixed and sectioned it. 1 found that carmine 
could be detected f)nly in the lumen of the gut and nowhere 
else in the digestive tract, the particles being ejected through the 
anus. Patrick tried this method to test the excretory role of 
hepato-pancreas and she came to the conclusion that the glands 
did not serve an excretory function, a conclusion with which 
I agree. 

On feeding the animals with olive oil stained red with Sudan 
iii, it was found on dissection and examination of fresh tissues 
under the microscope, that the whole of the intestinal epithelium 
and tlie hepato-jiancreas were coloured red with the absorbed 
oil-g]obul(*s. 

Yonge’s method was also employed, but was only partially 
successful as the colloidal iron in that nutritive form was not 
available. However, it was s(*en by this method also that the 
cells of the hepato-pancieas and the intestinal epithelium ha^e 
y)owers of absorj^tion. 

Th(‘ phenomenon of absorption was corroborated by feeding 
tlie animals on medicinal Methylene blue and Neutral red. It 
is a well known fact that certain dyes Idee Methylene blue and 
Neutral red stain tissues in their vital condition, and if these are 
absorl)ed by the intestinal epithelium and hepato-pancreas, the 
absorbing cells will indicate the presence of granules of these 
vital dyes. In order to study, therefore, the physiology of 
absorption, specimens of Ligia were fed on bread, soaked in 
dilute solutions of medicinal Methylene blue overnight. When 
these animals were disseoted out, it was found that the intestine 
w^as stained blue throughout its length; they were, therefore, kept 
in Kinger’s solution and examined under the microscope. 

The syncytium of the intestine was stained pale blue, while 
Ihe nucleus was deep blue and the nucleolus had taken an 
intense shade of blue. But the most significant point is that 
granules of Methylene blue could be detected in the cytoplasm 
around the nuclei, which no doubt demonstrates that the 
intestinal epithelium is absorptive. 

The hepato-pancreas afforded interesting results with regard 
to the absorption of this vital dye. The lumen of each gland 
contained granules stained greenish yellow. The wedge-shaped 
cells of the smallest size were filled with purple grains all round 
the nuclei recalling very clearly the characteristic stain for mucus 
in corrosive sublimate preparations, but no fat-globules were 
found in them, while other cells of the same category but slightly 
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bigger were found to contain a good number of fat-globules but 
the purple grains were scanty. Finally, the tall columnar cells 
were entirely filled with fat droplets but no Methylene blue 
grains. 

Neutral red had been employed byCovell (5,1928) to study 
the pancreatic secretion of the guinea-pig in the living state. 
A similar attempt was made by me in Ligia, but these animals 
are too fragile to withstand long experimental studies. Animals 
were fed on Neutral red (1% solution) for an hour and were then 
dissected alive, keeping the hopato-pancreatic tubules in Ringer’s 
solution. The distribution of absorbed Neutral red granules was 
noted under the microscope. 

It was observed that both kinds of cells were absorptive; 
but the degree of absorption varied. The smaller cells were 
filled with Neutral red granules all around the nuclei but there 
were few or no fst-globules, but in some of the other cells both 
fat and Neutral red granules were found together. In the 
columnar cells only fat-globules were seen, recalling the results 
of experiments with Methylene blue. 

To corroborate these observations, the glands and the gut 
of animals fed on Neutral red were fixed in Turchin’s fluid, so 
that the absorbed dye could be preserved and fixed. In sections 
it was found that the cytoplasm of the hepato-pancreatic cells 
was stained pale pink towards the inner cuticular border. 
Certain vacuoles containing Neutral red granules were found 
between this border and the nucleus, thus confirming the pheno¬ 
menon of absorption, 

5. The Secretory Function of the Hepato-pani^reas. 

The trend of modern cytology in glandular secretion is 
directed towards the Golgi apparatus. Interesting and far- 
reaching results have been obtained on various glandular tissues 
by Nassanov, Bowen, Brambell, Gatenby, Ludford and Cramer. 
According to Bowen it has been clearly established that an inti¬ 
mate topographical relationship exists between the Golgi material 
and the secretory products. 

In order to investigate the activity of the cells in the 
manufacture of secretory products, glands were fixed in 
Nassanov’s and Weigel’s modification of Mann Kopsch for Golgi 
bodies, mitochondria, secretory granules and the nuclear appara¬ 
tus. ]3oth these osmic preparations give identical results and 
Golgi apparatus was found to hold a close relationship with the 
secretory vacuoles of fat, indicating probably that the latter 
arise in relation to the Golgi bodies. But the exact details of 
synthetic operation have still to be investigated. 

The origin of zymogen granules is still problematical. 
Nassanov’s and Da Fano’s preparations have shown that they are 
found in topographical relationship with Golgi bodies in the 
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wedge-shaped cells, but this conclusion is only tentative and 
needs further critical evidence. 

The secretion of the hepato-pancroas in Isopods is essentially 
lipoidal in nature and presents certain characteristic features. 
We have noted that the columnar cells are the mature phase of 
cellular growth and that it is these that are concerned with the 
discharge of secretory products. These cells are cut off from 
tluiir basal portions either without the nuclei or with the nuclei, 
in which case they are intact and fall into the lumen carrying the 
secretory products of fat, enzymes produced by the z 3 m(iogen 
granules, and the distintcgrated Golgi material (fig. 6). These 
products are then pumped into the intestine by the rhythmic 
contractions of the glands where they react on the liquid food 
absorbed. This statement is substantiated by the presence of 
discharged cells in the intestinal tract. The fate of these fat- 
globules is little understood at present. In this connection we 
come to the much disputed question of the types of cell and 
cell-differentiation in the Isopod hepato-pancreas. Webber is of 
opinion that the long columnar colls are morphologically and 
phywsiologically different from the smaller wedge-shaped cdls. 
Later workers like Frenzel, Murlin, and Nicholls hold that their 
apparent differences are due to their different stages of growth. 
Patrick, on the other hand, identifies the long columnar cells as 
‘fat-secretory and storage cells’, and the wedge-shaped cells as 
purely ‘ mucous cells’, a statement which has been proved to be 
untenable. 

Microscopical examination of the glands-cells alone cannot 
give a conclusive proof for one or the other view, for cells are 
not physico-chemical entities alone, but are, above all, biological 
and physiological. Therefore, I attempted to examine the cells 
under experimental conditions of absorption of Methylene blue 
and Neutral red. It has already been pointed out that the 
smaller cells are indicative of great absorption, the larger ones 
of little or none, while the intermediate ones are partly absorptive 
and partly secretory. I, therefore, come to the conclusion that 
the cells of the hepato-pancreas show progressive stages of growth 
and differentiation, the smaller cells being at first enzymatic and 
mucus-secreting with a great power of absorption, and that 
later they become fat-secreting and storing. I hope that a 
critical study of the Golgi apparatus in these cells will clear our 
doubts about the morphological differentiation and the physio¬ 
logical role of these cells and this point has to await further work. 


6. Summary. 

I. The intestinal epithelium and the hepato-pancreas of 
the two Isopods, Ligia exotica and ArmadiUio ^vcutua^ are both 
absorptive. 
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II. The differences in the cells of the hepato-pancreas are 
due to their different stages of growth. The smaller cells are 
prim&trily enzymatic and mucus-secreting to begin with, but later 
develop into columnar cells which are predominantly fat- 
secreting and storing. 

m. The fat globules are secreted in vacuoles found in 
relation with the Golgi material, the latter being, therefore, con¬ 
cerned with fat-secretion in the cells. 

IV. The secretion of the glands is typically lipoidal in 
character, the nuclei remaining intact in the cells, which are 
discharged 'in toto' into the lumen of the gut. 

V. Zymogen granules have been found to arise in relation 
with the Golgi apparatus in the wedge-shaped cells and they 
indicate that these cells are physiologically more active in 
absorption and intra-cellular digestion. 
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I. INTRODUCTION. 

After a lull during the second decade of the twentieth 
century, interest in insect embryology is to-day showing signs 
of revival. This is to be welcomed as, notwithstanding the 
enormous amount of work done on this subject—^nearly 700 
references have been listed at the end of this account—, certain 
outstanding problems are still productive of much divergence 
of opinion. The process of gastrulation, the origin of the mid¬ 
gut epithelium and, in short, the general problem as to how far 
the classical germ layer theory is applicable to insects, are 
matters of dispute to-day. Recent work has provided satis¬ 
factory solutions for at least some of these problems. Moreover, 
the discovery of the labral and preantennary pairs of coelomic 
cavities by Wiesmann (1926) in Carausius, and the confirmation 
of the former by Mellanby (1936) in Rhodinua and by Roonwal 
(1937) in Locnsta^ has lent a new interest to the problem of head 
segmentation among Arthropods in general and insects in 
particular. These and other discoveries have tended to^support, 
on very strong embryological evidence, the 7-segmental nature 
of the insect head and this view is, therefore, presented 
in the following account. A new interpretation of the insectan 
protocerebrum in support of the same view is also given. 
Advance in our knowledge has been made in several other 
fields also, such as those relating to the abdominal appendages, 
the embryonic membranes, the provisional dorsal closures, the 
embryonic blood sinuses, etc., and all these structures are 
dealt with briefly. 

Owing partly no doubt to the large amount of yolk in the 
insect egg, its early embryological development has become 
extremely distorted and, therefore, difficult of interpretation, 
especially in matters relating to the formation of the germ layers. 
At the same time it cannot be emphasized too strongly that the 
first essential for a correct approach to the solution of the various 
controversial points is to employ the very highest standard in 
the technique both of the handling of material and of actual 
observation. Given the former, the one requisite most needed 
is a complete freedom from theoretical prejudices. A perusal 
of the original papers indicate that not a few embryologists 
have failed in this quality. Regarding the technique of the 
handling of material, two requirements are essential. These 
are: (1) Good fixation and proper sectioning. For example, 
an artificial space in mesodermal tissues, caused by bad fixation, 
might easily, but wrongly, be interpreted as a coelomic cavity. 
(2) Accurate timing of the embryonic stages. Eggs, from the 
moment of la 3 dng, must be incubated at constant temperature 
and humidity, and examined at regular and short intervals of 


1 Also in Pteronarcys by Millbr (1939), see Appendix, p. 106. 
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time. While this procedure ensures accurately timed stages, a 
word of caution is necessary lest the embryologist should rely 
solely on this method. It has been found (Wiesmann, 1926; 
Slifer, 1932, 6) that even under a uniform external environ¬ 
ment, the rate of development in the same egg-batch may vary 
from egg to egg within fairly wide limits. As pointed out 
by Wiesmann, such characters as the number of segments 
differentiated, the first appearance of the proctodieum (and the 
stomodflBum), the beginning of the differentiation of the fat 
body, etc., provide supplementary and often more accurate 
criteria than a temperature-time scale for determining the 
developmental stage of the embryo. Even so it is not always 
possible to draw a sharp line between one developmental period 
and another. In short, the embryologist must be certain that 
he has missed no developmental stage, however insignificant 
and unworthy of record it might seem to him from his previous 
theoretical knowledge. Failure to satisfy this requirement— 
because the older embryologists incubated their eggs either in 
the room or in the open, where environmental conditions fiuctuate 
considerably—was often the cause of overlooking several fleeting 
but nevertheless important phenomena, as, for example, the 
sujrernumerary ventral (gastral) grooves which are probably of a 
much more general occurrence among insects than has hitherto 
been admitted. Thus, in Locusta two ventral grooves are 
formed of which the first one lasts for less than 4 hours (at 33°C.), 
and the second one, which appears a few hours later, also lasts 
for an equally short })eriod. On the othei hand, the fulfilment 
of the above requirements in several recent papers has produced 
results of considerable value. 

Finally, it is a pleasure to acknowledge my indebtedness 
to Dr. Baini Prashad, Director, Zoological Survey of India, 
for his kindness in critically going through the manuscript and 
suggesting many improvements, and for correcting the proofs. 

II. HISTORICAL. 

Aristotle, in the last three-quarters of the fourth century 
B.C., had noted that some insect eggs have ‘soft shells’ and 
increase in size after being laid. Such eggs he termed as 
‘imperfect’ in contradistinction to ‘hard-sheUed eggs’, such as 
those of birds, which do not so increase in size. He, however, 
regarded the chrysalis also as an egg stage. The increase in 
size of insect eggs was re-discov6red several centuries later by 
Rathke (1844) in the eggs of the mole-cricket, Oryllotalpa 
vulgaris, and some of the caddis flies or Trichoptera (vide 
Roonwal, 1936,a) 1. Fabricius (1687) ‘marks a definite 

^ It is of interest to note in this connection that Slifer (1938, a) 
hsis recently discovered in the egg-membrane of the grasshopper. 
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advance upon Abistotle when he says that silk worms and 
other insects are bom into their larval state from an egg, 
though he still terms the chrysalis an egg, and therefore 
holds that they are generate twice* (N-, pp. 87-89). 
Habvey, in the first half of the seventeenth century, believed 
in Omne vivum ex ovo i, implying that even the most imperfect 
and lowest animals are bom from eggs and not by spontaneous 
generation. He writes, ‘We shall show that many Animals 
themselves, especially insects, do germinate and spring from 
seeds and principles not to be discerned even by the eye, by 
reason of their contract, invisible dimensions .. .* (N., p. 122). 
Unfortunately, his further notes on the generation of insects 
were destroyed in his house in London at the time of the Civil 
War. Habvey, like Abistotle, was an ardent epigenticist. 
The final death blow to the idea of spontaneous generation was 
given by Redi (1688) whose work must consequently remain, 
although indirectly, the starting point of developmental studies 
on all minute oviparous invertebrates. Malpighi (1669), the 
‘principal glory’ of the ‘micro-iconographic’ school, and 
^AMMEBDAM (1737) Were largely concerned with the larval and 
adult anatomy of the silk-worm, honey-bee and other insects, 
and their few observations on insect eggs are not of much 
importance from the purely embryological point of view 2; both 
these authors were preformationists. LeewiJnhoek (1696) made 
some interesting observations on the eggs of fleas.® 

After this there is a long gap of over a century during which 
no observations were made on insect embryology. However, 
for comparative animal embryology as a whole, it was a most 
important period, for during it the germ layer theory was slowly 
tal^g shape. In the formulation of this theory, there stand 


Melanoplus differentialis, a special water-absorbing area which she calls 
the ‘hydropyle*.' This area is located in the ‘yellow cuticle* at the 
posterior or inicropylar end of the egg. The egg absorbs water from 
outside largcljf through the hydropyle. 

1 This pithy saying itself is, however, net attributable to Hakvby. 
Nor is it strictly correct in the light of later advances in our knowledge. 
The Protista, for example, do not produce eggs. 

2 SwAMMEBDAM, howevor, rendered great service by observing and 
figuring the eggs of a large number of insects, including the body-louoe, 
dragonHies, mayflies, honey-bee, humble-bee, ants, and several beetles 
and moths. In the middle of the developing egg (‘ nit *) of the louce he 
observed a small area showing heart-like pulsations; this he called the 
‘ panoreas ’ as ‘ it moves up and down with the stomach ’-—presumably 
he was observing either the bulbus arteriosus or the peristalsis of the 
lateral body-walls in the late embryo. 

® The substance of this paragraph, giving the early history of insect 
embryology, is largely taken from Dr. J, Needham’s excellent book 
A History of Embryol^y (1934), and the quotations taken therefrom are 
acknowledged with the suflix N., followed by the page of the book. For 
references to the embryological works of Abistotle, Fabbioius and 
Habvey, the same book shoifld be consulted. 
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out prominently the works of Wolff (1769) and Pandbb (1817), 
culminating in the classic book of von Babb (1828). 

The fist clear reference to early insect embryos was pro¬ 
bably that by Sxtokow (1818) who observed that in the eggs of 
Bombyx {Oaatrophaga) pini (Lepidoptera) a small dark spot is 
formed in the centre of the originally clear yolk. This he rightly 
regarded as the early embryo (germ disc), but, as Bubmbistbb 
(1832) later pointed out, the embryo or ventral plate lies on the 
surface of the yolk, not in the centre. Suokow also observed 
the serosa, the alimentary canal, the tracheae, the dorsal vessel, 
the central nervous system and finally, the gonads in the late 
embryo. The next contribution was that of B.athkb (1832), 
contained in a small paper of eight pages exclusively devoted to 
the embryology of the cockroach, BUxtta orientalia. He examined 
embryos dissected out of the egg, but did not cut sections. This 
was soon followed by the works of K6llikeb (1842) and Bathkb 
(1844). 

The intensity of the active period which followed^ was 
heightened by the invention of the microtome in about 1860 
and, with it, the rapid development of the section-cutting 
technique. Authors who made special contributions during 
this period are mentioned below; in their earlier works they did 
not study sections, but later they employed that technique:— 
Wbismann (1863-1882), Metschnikoff (1865-1876), Balbiani 
(1866-1886), Dohbn (1866-1876), Ganin (1869-1874), Bbandt 
(1869-1880), and others. Kowalewsky (1871-1886) first 
studied insect embryology by cutting sections and thus laid the 
foundation of much of our knowledge of the subject as under¬ 
stood to-day, and it was Bobbbtzky (1878) who first followed 
the process of cleavage in large yolk-laden eggs with the help of 
sections. All these authors dealt with pterygotan insects. 
It was, however, during the last decade of the nineteenth century 
and the first decade of the twentieth that activity was most 
intense and the greatest amount of work on insect embryology 
was done. No doubt, this was due partly to the development 
of a tolerably satisfactory technique of section-cutting and 
staining, for insect eggs, like all others eggs which are rich in 
yolk, are notoriously difficult to section. It is impossible to 
mention all the authors in this review, and only a few whose 
contribution has been the greatest will be referr^ to. Two of 
the greatest masters of insect embryology, viz,y Gbabbb (1877- 
1891) and Heymons (1890-1912), deserve first mention. The 
brilliant and remarkably penetrating studies of 6babbb dealt with 
an extensive series of pterygotes, including the Orthoptera, 
Odonata, Hemiptera, Trichoptera, Lepidoptera, Coleoptera, 


1 For a detailed review of this period up to 1897, consult L^oauxon 
( 1898, a). 
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Hymenoptera, Diptera and others. To the insect embryologist, 
his original papers are indispensable even to this day. Next 
comes Heymons whose classical studies of the Orthoptera and 
Dermaptera, as well as his views on bi-phased gastrulation and 
the absence of a functional insectan endoderm, are well known. 
He also studied the Ephemoroptera, Odonata, Hemiptera and 
Thysanura (Lepisma), and his great work on Scolopendra 
(Chilopoda) may also be mentioned. Reference may now be 
made to some other important works, such as those of Nusbaxjm 
(1882-1891); Will (1883-1888) who first suggested the ‘newer 
bi-phased gastrulation theory’ for insects; Cholodkowsky 
(1888-1896); Blochmann (1884-1896); Heideb (1886-1897); 
Henking (1888-1892); Wheeler (1889-1893); Lecacllon 
(1897-1898); and CARRiicRE and Burger (1897). The work of 
the last-named authors on the mason-bee, Chalicodoma muraria, 
is perhaps the most complete embryological account in existence 
of a single insect. Workers on the Apterygota, such as Claypole 
(1892; 1898), Uzel (1897-1898) and Philiptschenko (1912), 
must also be mentioned, as well as those on the parasitic 
Hymenoptera, viz., Marchal (1897-1906) and 8ilvbstri 
(1906-1921). In this period also appeared the well-known 
work of Korschelt and Heideb (1892-1910) on invertebrate 
embryology. 

Coming to a more recent period, we have the works of 
Hibschlbr (1906-1924) whose chapter on ‘ Embryogenese 
der Insekten’ (1924) in Schroder’s ‘Handbuch der Entomologie’ 
is undoubtedly the most comprehensive general account of 
insect embryology that has appeared in recent times. The 
second decade of the twentieth century did not prove very 
productive, partly owing no doubt to the intervention of the 
Great World War. The works of Nelson (1911-1918) on the 
honey-bee are, 'however, a notable exception. But in more 
recent times, interest in insect embryology has revived and we 
are having a large number of papers on the subject. Among 
them may be especially mentioned the works of Grandori 
(1911-1932) on Bombyx mori, coccids, etc.; Bledowski and 
Kbainska (1926) on the parasitic Hymenopteran, Banchua 
femoralis] the elaborate work of Wiesmann (1926) on coelom 
formation in the stick insect, Carauaius moroaua, Br. (Orthoptera); 
Eastham (1927-1930) on Pieria rapae (Lepidoptera); Noskibwicz 
and Poluszynski (1928) on the parasitic genus Stylopa (Strepsip- 
tera); Roonwal (1936-1939) on the African Migratory Locust, 
Locuata migratoria migratorioidea R. & F. (Orthoptera), 
and on gastrulation in general; Mellanby (1936, 1936) on 
Rhodinua (Hemiptera); Schlozel (1937) on some Anoplura 
(including Mallophaga); and finally, Tiegs and Murray (1938) 
on Calandra oryzae (Coleoptera). (Also see Appendix, p. 105.) 
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III. SOME RECENT ADVANCES. 

1. Technique. 

The sectioning of the yolky eggs of insects has always 
been a difficult and laborious process, but the technique recently 
evolved by Slifer and King (1933) and modified by Roonwal 
(1936, a) has made this task easy. Fixed eggs are cut into two 
transverse halves and soaked for 24 hours in a 1~4% solution 
of carbolic acid in 80% alcohol. They are then dehydrated in 
96% alcohol, cleared in carbol-xylol and embedded, as usual, 
in wax (M.P. 62°C.) for 10-30 minutes according to the size of 
the egg. The wax block is then trimmed so as to expose the 
cut side of the egg and then soaked in water for 24 hours. The 
block then cuts very easily. The duration of soaking in carbolic 
acid solution, as well as in water, can be shortened to about 
6 hours in a vacuum bath. A 4% carbolic acid solution is not 
always safe to use and a weaker strength is often preferable. 


2. Gastrulation and the Germ Layers^. 

(a) Theories of Oastrulation, 

(i) The older theories. 

Until recently, two main views existed in regard to the 
nature of gastrulation and the formation of the germ layers in 
insects. These are:— 

1. A true blastula is present in insects and is formed when 
the cleavage cells reach the egg-periphery. Gastrulation occurs 
afterwards when the inner layer is differentiated. Yolk cells 
have no germ layer value. Endoderm is usually bipolar in origin. 
This view was advanced by Kowalewsky (1886) and supported 
by Wheeler, Nusbaum and Fulinsky, Strindberg, and more 
recently by Eastham (1927; 1930, a, 6), Thomas (1936) and 
others. 

2. No blastula ocemrs, the so-called blastula of the first 
view being regarded as the first gastrulation stage, Gastrulation 
occurs in two stages. The interpretations of this view fall into 
two groups, thus: 

(a) Older bi-phasod gastrulation theory.—The first gas¬ 
trulation phase is represented by the separation 
of the primary yolk cells from the other cleavage 
cells, and the second phase by the immigration of 
secondary yolk cells from the primary epithelium. 


1 For a review of the older literature on germ layer formation in 
inseots, see Eastham (1930, a). 
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Differentiation of inner layer is not a gastrulation 
act. Yolk cells alone represent end^erm, but, 
since they degenerate, no endoderm shares ip. the 
formation of adult body. Insectan mid-gut is 
ectodermal in origin. This theory was first clearly 
put forward by Hbymons (1895, a; 1901), and 
supported by LilOAiLLON (1897-1898), Sohwabtze 
(1899) and others. 

(6) Newer bi-phased gastrulation theory.—The first phase 
corresponds to the first phase of the older theory, 
but the second phase is represented by centripetal 
separation of yolk cells as well as by differentiation 
of inner layer. Primary epithelium is regarded as 
ectoderm, not blastoderm. Mid-gut epithelium is 
endodermal. This theory was first put forward by 
Will (1888), but we owe its full exposition to 
Hirschler (1912 ; 1924). 

(ii) The new theory of multi-phased gastrulation. 

This was suggested by Roonwal (1936, h) in order to explain 
several embryological facts which were previously not explicable 
on the bi-phased gastrulation theories. Four phases were tenta¬ 
tively recognized in Locusta, More recently, the theory has been 
amplified (Roonwal, 1939, h) and has been shown to be applicable 
not only to most insects but also to several other Arthropods. 
The essential features of the amplified theory are: (i) Blastula 
stage is suppressed in most cases, (ii) Gastrulation has under¬ 
gone both temporal and spatial elongation, and become multi- 
phased. It generally occurs in three phases and numerous 
sub-phases of the first and second order, (iii) All the three 
germ layers have acquired a quadruple nature. We may 
distinguish in them firstly, primary and secondary portions. 
Secondly, each of these may contain permanent and evanescent 
portions, (iv) The primary germ layers tend to undergo various 
degrees of reduction and may even be totally suppressed, 
(v) Multi-phased gastrulation is brought about by a combination 
of the various modes by which uni-phased gastrulation generally 
occurs, (vi) The definitive mid-gut epithelium is generally a 
secondary formation belonging to the secondary endoderm. 
(vii) Yolk cells are endodermal in nature. 

Recently, Tiegs and Murray (1938) have shown that the 
mid-gut epithelium in Calandra oryzce arises from the blind ends 
of the stomodeeal and proctodceal invaginations. While this is 
only one more confirmation of what has been previously demons¬ 
trated by several authors in a variety of insects, it is the inter¬ 
pretation of this fact by Tiegs and Murray that calls for some 
remarks. They maintain that endoderm does not occur in the 
embryo of Ca^ndra, and further generalize that ‘when the 
gastral epithelium arises early, then endoderm forms; but when 



1938] RECENT ADVANCES IN INSECT EMBRYOLOGY 


25 


it does not appear till much later, there is no endoderm One 
would naturally ask: What then is the validity of the well- 
established germ layer theory if endoderm may be altogether 
absent in an embryo ? The answer to this question would 
seem to lie in the multi-phased gastrulation theory in its amplified 
form. 

(6) Sofne Structures connected loith Oastrulation, 

Recently, some new and important structures have come to 
light'in connection with insect gastrulation. At the same time, 
some of the older structures have either received new interpreta¬ 
tions or been given new names in accordance with modern ideas 
on gastrulation. They are mentioned below. 

Supernumerary ventral grooves ,—One mid-ventral groove 
analogous, but not homologous, with the blastopore, is generally 
characteristic of embolic gastrulation. Recently it has become 
evident in insects that besides the main groove from the roof of 
which the inner layer is proliferated, other grooves are also formed, 
although these latter do not take an important share in the forma¬ 
tion of the inner layer. Nevertheless, the supernumerary grooves 
constitute a strong support for the multi-phased gastrulation 
theory. In accordance with the time of their appearance, the 
grooves have been named by Roonwal (1936, h) as the first, 
second and third ventral grooves, of which the second one is the 
main groove occurring in all embolic insects. The first ventral 
groove has been recorded in Pieris (Eastham, 1927), Calandra 
(Inkmann, 1933), Locusta (Roonwat 1936, b) and Carausius 
(Thomas, 1936). The third ventral groove was recorded by 
Korotneff (1886) in Oryllotalpa, but its significance was not 
appreciated, since neither the first nor the second groove occurs 
in this insect. 

Primary epithelium ,—This name has recently been given to 
the first cell-layer formed in insect eggs (Roonwal, 1936, b). It 
is the so-called blastoderm of the older authors and the ‘Ober- 
fiachenepithel ’ of Hirschlbr (1924). It represents the ectoderm. 

End-ectodermal masses ,—^The cell proliferations developing 
in many insects at the blind ends of the stomodseum and the 
proctoda?um and forming the mid-gut epithelium, have been 
variously interpreted as purely ectodermal or purely endodermal. 
Since in ontogenic origin they are undoubtedly ectodermal and 
in phylogeny endodermal, they have been termed as ‘end- 
ectodermal masses’ (Roonwal, 1939, 6). They repiesent a 
portion of the secondary endoderm. 

3. The Alimentary Canal and the Malpighian 
Tubules. 

The true nature of the insectan mid-gut epithelium has been 
stated above, and 1 shall briefly describe here some new and 
recent conclusions regarding its actual mode of origin in 
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ontogeny. The share of the yolk cells in the formation of the 
mid-gut epithelium had been formerly shown only in two cases, 
viz., in Lepisma (Heymons, 1897, a) and the Libellulidee 
(Tschuproff, 1903). In both instances the accuracy of the 
observations has been doubted by other workers. It is, therefore, 
of considerable interest that more recent authors have found 
this condition in some other insects where the mid-gut epithe¬ 
lium is of a mixed origin. In Bomhyx mori (Grandori, 1932, a) 
the mid-gut epithelium is claimed to arise from the ectoderm 
and yolk cells. In the Ichneumon, Banchus femoralis, 
Bledowski and Krainska (1926) distinguish three sections of 
the mid-gut, viz., & middle yolk sac which forms the main portion 
of the mid-gut epithelium and, at either ends of the sac, a small 
‘stomodsear and a small ‘proctodaeal’ mid-gut (Text-fig. 1). 



Text-fig. 1. Longitudinal section of the embryo of Banchus femoralis^ 
showing the triple origin of the mid-gut epithelium. Semi-diagrammatic. 
{Adapted from Bledowski and Kbainska, 1926.) 

Ds., ductus soricterii; Ernes., inner (lower) layer; Int. med., mid-gut 
of yolk-sac origin; K., posterior cell-cap (rudiment of ‘proctodaeal’ mid¬ 
gut); Pr., proctodeeum; St., stomodsBum; Sim., anterior cell-cap (rudiment 
of ‘ stomodaeal * mid-gut). 


The majority of the recent investigations point to an em¬ 
bryonic origin for the regeneration cells and nuclei of the mid-gut 
epithelium. Bushnbll (1936) has made the interesting discovery 
that in the beetle Acanthoscelides the mid-intestinal epithelial 
cells of the late embryo are of two sizes. The larger ones form the 
functional larval epithelium, while the smaller ones become the 
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regeneration cells. The nuclei of the larger cells have nearly 
twice the volume and contain twice as many prochromosomes 
as those of the smaller ones—the volume and prochromosome 
number respectively being 195 cu. /a. and 40 in the former and 
113 cu. fi. and 20 in the latter. This author further suggests 
that the nuclei of the regeneration cells may have a two-fold 
origin: firstly, from certain small cells which become isolated at 
the base of the mid-gut epithelium during early larval develop¬ 
ment; and secondly, from ‘pseudo-reduction’ divisions of the 
large nuclei in the larval epithelium. 

Sometime ago, Henson (1932) attempted to homologizo the 
stomodscal and proctodseal invaginations of Pieris embryo with 
the oral and anal remnants of the blastopore of Peripatus, 
This ingenious view, along with Henson’s idea of the endodermal 
nature of the Malpighian tubules, is apparently not correct and 
has not received acceptance by other authors. 

4. The Inversion of Cell Polarity in the Early Germ Band 

(Text-fig. 2). 

In 1903 Brues described a peculiar condition in the 
Strepsipteran Xenos peckii where the yolk, instead of l 3 dng 
inside the vesicle formed by the primary epithelium comes to lie 
outside it. This condition was confirmed by Hoffmann (1914) 
in Xenos bohlsi, and some years later by Noskiewtcz and 
Poluszynski (1928) in their careful work on Stylops. The 
latter authors further explained thir condition by suggesting 
that there occurs, in the region of the germ band of the 
Strepsiptera, an inversion of cell polarity. As a result of the 
inversion, the inner or normally dorsal side of the (jells, abutting 
in the beginning against the yolk, comes to point away from the 
latter and thus determines the ventral side of the future embryo. 
The outer ends of the cells, on the other hand, point towards the 
yolk and determine the dorsal side. In all other groups of 
insects, the inner walls of the cells determine the dorsal side 
of the future embryo, and the outer walls the ventral side. 

5. The Segmentation of the Head (Text-fig. 3). 

{a) Introductory. 

The number of metameric segments composing the insect 
head has been variously estimated as from four to nine. An 
enumeration of all these views need not be made as they have 
been discussed recently by se Wal authors, notably by Wiesmann 
(1926), Eastham (1930, 6), Imms (1937), Snodgrass (1938) and 
Weber (1938). It may, however, be mentioned that the number 
of segments most commonly regarded as entering into the head 
is either six or seven. The existence of the last five segments, 
viz., the antennary, the mandibular, the intercalary or 
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»remandibular, the first maxillary and the second maxillary or 
skbial, has been accepted by nearly all authors. Hansbn^ 



Text-Jig. 2 (a)-(/). Diagrams showing the inversion of cell polarity 
in the early germ bands of the Strepsiptera. Upper row (o)-(c )—Xenos 
bohlsi (Hoffmann, 1914); lower row {d)-{f )—pterygote insect, other than 
the Strepsiptera, and in which both the amnion and the serosa are formed. 
The primary inner ends of the cells axo shown in heavy line; the yolk is 
dotted, (a) and (d )—Early or primary epithelium stage. (6) and (e)—^Later 
stage. In (b) the primary epithelium has shrunk, and the yolk is being 
extruded. In (e) the amniotic folds are being formed, (c) and (/)— 
Still later stage. In (c) the single embryonic membrane ( = amnion plus 
serosa) is formed and the yolk is completely extruded. Note the inversion 
of cell polarity in the germ band, when compared to (/). In (/) both the 
amnion and the serosa have been formed. {After Noskiewicz and 
POLUSZYNSKI, 1928.) 

a., amnion; a.c., amniotic cavity; c., cavity between germ band and 
rudiment of embryonic membrane; e.m., rudiment of embryonic membrane 
(amnion plus serosa); g.b., germ band; p,e„ primary epithelium; a., serosa; 
2 /., yolk. 


(1893 and 1930) has claimed, on morphological grounds, the 
existence of a maxillular segment, as evidenced by the presence 
of a pair of reduced but true appendages, between the mandibles 
and the first maxillse. The claim is supported by Hsnbixsbn 
(1928). Recent work on apterygote embryology (Silvestbi, 


1 Hansen, H. J., 1893.— Zool. Anz,, vol. XVI, pp. 193-198 and 

201-212. 

- 1930.—Studies on Arthropoda. III.—Copenhagen. 
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1932), however, does not support this view, and the existing 
evidence for it must be regarded as inconclusive. The 
present discussion will, therefore, be confined to the segments 
lying in front of the antennary one. One or two of such segments 
have been variously claimed to exist, according as the total 
number of head segments is regarded as either six or seven, 
and have been known under a diversity of names, some of which 
are given below: (1) Head lobes segment or primitive head 
^gment or protocephalic segment; its ganglionic constitution 
is homologous with the prostomial archicerebrum of the Annelida. 
(2) Ocellar segment. (3) Ocular segment. (4) Oral segment. 
(5) Acronic and preantennary segments. (6) Labral and 
encephalonic (brain) segments. Among the more important 
recent views concerning the segments lying in front of the 
antennary one^ the following may be mentioned:— 

Wiesmann (1926).—^Two segments, the labral and the pre¬ 
antennary, exist. Acron is rudimentary and probably of no 
segmental importance. The head is regarded as 7-segmental. 

Eastham (1930, 6). —One segment, the labral, exists, and 
the protocerebrum is its ganglion. The preantennary segment 
is denied. The head is regarded as 6-segmental. 

Imms (1937).—Only one segment exists. The labrum does 
not represent a true segment. The first true segment is the 
preantennary or ocular. The head is regarded as 6-segmental. 

Holmgbbn 1 (1916) and Hanstbom 2 (1927-1930).—^The 
separation between the protocerebruin and deutocerebrum in 
insects and other Arthropoda is secondary, the two structures 
together being equivalent to the annelidan archicerebrum. The 
tritocerebrum is the neuromere of the first true segment, with the 
antennae as its appendages. The labrum and the preantennary 
appendages belong to the category of prostomial tentacles of 
Annelids and are not true appendages. Behind the first or 
‘tritocerebrar segment come the three gnathal segments, the 
mandibular, maxillary and labial. The intercalary segment is 
denied. The head is regarded as 4-segmental. This view, which 
has been specially elaborated by Hanstbom, is accepted by 
Snodgrass (1935), but has not gained wider support. It almost 


1 Holmoukn, N., 1916.— Kungl. Svenaka Vetenak, Akad, Handl.^ 
vol. LVI, No. 1, pp. 1-303. 

2 Hanstbom, B., 1927.— Zeit,f. Morph. Okol. Tiere^ vol. VII, pp. 643- 

696 . 

- 1928(a).—^Vergloichende Anatomie des Nervensystems 

dor wirbelloaea Tier© imter Berucluichti< 
gung seiner Funktion.—Berlin. 

—- 1928(6).— Zeit, /. Morph. Okol, Tiere, vol. XI, pp. 

161 - 160 . 

- 1929.—i6wf., vol. XIII, pp. 329-368. 

- 1930.—jr6id., vol. XIX, pp. 732-773. 
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completely disregards the evidence from embryology, such as 
the presence of appendages, coelom sacs and neuromeres, and 
is for that reason unsound. 

In a recent paper, Snodgrass (1938) contends (p. 94) that ‘a 
radial structure secondarily affects the anterior end of the arti¬ 
culate trunk because of the subapical position of the mouth*. 
Consequently, he argues, the cephalic coelom sacs, being radial 
in position, cannot represent somites in the manner of paired sacs 
lying post-orally. The strong objection to this view is that 
coelom sacs cannot lose their former segmental significance 
merely by virtue of their secondarily acquiring a radial position. 
In the same paper Snodgrass suggests a new definition of the 
acron so as to represent by that term ‘ a primarily unsegmented 
archicephalon corresponding with the annelid prostomium * 
(p. 94). Such an acron, he contends, is represented in the arthro¬ 
pod embryo by the cephalic lobe (or lobes) bearing the eyes, the 
labrurn, the preantennae and the first antennae. It is difficult 
to accept this new definition until much stronger evidence than 
is hitherto available is forthcoming in favour of it. Ip the mean 
time it is desirable to retain the older definition of the acron as 
the unpaired apical portion of the arthropod head lying in front 
of the first true somite; such an acron is seen, among others, in 
Scolopendra (Heymons, 1901) and in Carausius (Wiesmann, 
1926). 

Before proceeding further, it needs to be pointed out that 
in appraising the segmental (jomposition of the head, whilst 
evidence from morphology is obviously necessary, embryological 
evidence is still more important, as has been admitt<Hl by all 
but a few writers on the subject. In regard to the evidence 
from embryology, three criteria have been universally accepted 
as establishing the existence of a somite. These are the presence 
of (1) a pair of appendages; (2) a pair of coelomic cavities; and 
(3) a neuromere, i.e., a pair of nerve ganglia homodynamous 
with the ganglia" of the ventral nerve chain. Consequently, the 
recent discovery of a pair of preantennary appendages and of 
labral and preantennary coelom sacs in some insects is of special 
interest. Its significance is discussed below, and, at the same 
time, a new interpretation of the segmental composition of the 
insectan protocerebrum is presented. Evidence from these 
sources, it may be added, points to a 7-segmental nature of the 
insectan head. 


(6) A New Interpretdtion of the Composition of the Insectan 
JProtocerehrum, 


(i) General, 


The insectan brain has hitherto been generally conceded as 
being com^sed of three primary portions, viz,y the proto-, 
deuto- and tritocerebrum, corresponding to the first (labral. 
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preantennary, oral, ocular, etc.), second (anteimary) and third 
(intercalary) cephalic segments. The view of Holmgben and 
of Hanstbom mentioned above, viz,, that the proto- and 
deutocerebrum together form a single ganglionic unit equivalent 
to the prostomial archicerebrum of the Annelida, is unaccept¬ 
able. The existence of the deutocerebrum as belonging to the 
antennary segment is well established on sound embryological 
grounds, and this as well as other cognate pieces of evidence are 
completely disregarded by these authors. 

In the following account the deuto- and tritocerebrum are 
regarded, as heretofore, as discrete brain segments belonging to 
the antennary and intercalary somites respectively. With 
regard to the composition of the protocerebrum, however, a new 
interpretation is presented. 

(ii) The dei^elopment of the jtmtocerebrum. 

Each of the components of the brain, viz., the proto-, 
deuto- and tritocerebrum has been generally shown as developing 
from the ventral ectoderm in exactly the same manner as the 
other ganglia of th(‘ ventral nerve chain, and, therefore, as being 
homodynamous with the latter. While opinion is agreed that 
this is so in the case of the deuto- and tritocerebrum, the proto¬ 
cerebrum has long boon regarded as developing in a more com¬ 
plicated manner and, tlu'refore, possibly not being strictly 
homodynamous with the other two portions. 

The embryological development of the protocerebrum has 
been best studied in the Orthopte’^a and the Dermaptera 
by Viallanes 0891) in Mantis', Whbeleb (1893) in Xiphidium; 
Heymons (1895, a) in Forficvla; and, more recently, by Baden 
(1936) in Melanoplm and Roonwal (1937) in Locusta. The 
observations of these authors agree in essential points and, 
for the following description, Locusta will bo taken as an example. 
The protocerebral rudiments of Locusta lie on either side of the 
labrurn and the stomodaeal invagination and occupy the entire 
head lobes. They thus extend over a much more considerable 
area than either the deuto- or the tritocerebrum. From the 
very beginning, each half of the protocorebrum is divided into 
two lobes which are separated from each other by meaiw of a 
hypodermal invagination. A third lobe, the optic lobe, is then 
differentiated from the lateral ectoderm in a manner different 
from and independent of the other two protocerebral lobes, but 
subsequently becomes connected with the latter. It is separated 
from the middle protocerebral lobe by means' of a hypodermal 
invagination which, Uke the one between the other two lo^s, 
disappears afterwards. In this manner, three protocerebral 
lobes are formed which are, following Viallanes (1 891), generaUy 
known as the first (optic), second and third lobes, counting from 
the outside. The number'of rows of the primary or mother 
neuroblast cells is about 4^6 in the third lobe and about 3-4 
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in the second one. The development and fate of these neuroblasts 
is similar to those of the deuto- and tritooerebrum and of the 
ganglia of the ventral nerve chain (Table 1). 

In the formation of the optic lobe, neuroblasts do not take 
part, and the lobe arises from the ectoderm at the dorso-lateral 
edge of the head lobes in the following manner:—^The aforesaid 
region becomes thickened into a more or less rounded mass in 
which the peripheral nuclei are arranged in a single row, while 
in the rest of the mass they do not exhibit any regular arrange¬ 
ment. This mass is the common rudiment of the optic ganglion 
and the eye-plate. In a slightly older stage, the inner mass 
(the optic lobe) begins to cleft from the outer layer (the eye-plate), 
and sometime afterwards this separation is complete. In the 
mean time, the optic lobe becomes connected with the second 
protocerebral lobe which ultimately forms the opticon or internal 
medullary mass of the optic lobe and also the optic nerve. The 
optic lobe then gradually becomes differentiated into its various 
elements. During blastokinesis, the optic lobe acquires a connec¬ 
tion with the eye-plate for the second time. 

% 

(iii) The segmental significance of the composite nature of the proto- 
cerebrum (Text-fig. 3 and Table 1). 

The prevalent view is that the whole of the protocerebrum 
represents a single ganglionic pair homologous with the prostomial 
archicerebrum of the Annelida. Whebler (1893) considered the 
possibility of the protocerebrum as being composed of more than 
one neuromere, but rejected it. Wiesmann (1926) remarked that, 
theoretically, the neuromeres of the labral and preantennary 
segments could be accepted as lying in the protocerebrum, but 
no proof was brought forward in support of the suggestion. 

In the following discussion I have attempted to prove that 
the protocerebrum is composed of two neuromeres, the labral 
and the preantennary. 

(a) The optic lobes, —^The optic lobes (the so-called first 
protocerebral lobes) among insects develop either by invagina¬ 
tion (Hymenoptera and Coleoptera) or by delamination 
(Orthoptera and Dermaptera). In neither case do neuroblasts 
share in their formation. A few doubtful cases of neuroblasts 
occurring in the optic lobes have been reported by Viallanbs 
(1891) in Mantis and by Heymons (1895, a) in Forficula, but, in 
view of the negative indications of all other authors, these 
exceptions need adequate confirmation before they can be 
accepted. If they are found to be correct, the neuroblasts in 
these instances would probably be regarded as having invaded 
the optic lobes secondarily. The entire manner, including the 
absence of neuroblasts, of the origin of the optic lobes in iMuMa 
and other insects clearly shows that they are not homodynamous 
with the other two lobes of the protocerebrum, nor are they 



Table 1. 

The ganglionic composiiion of the brain of Locusta, as compared to a ganglion of the ventral nerve chain. 
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homologous with true segmental ganglia. Their connection with 
the rest of the brain is purely secondary and, therefore, in 
appraising the primary ganglionic constitution of the brain and 
the segmental composition of the head, they should be left 
entirely out of account. 

(P) The other tm lobes.—The second and third lobes may 
now be considered. Each of these lobes develops in a manner 
strictly homodynamous with a segmental ganglion of the ventral 
nerve chain. It is significant that the separation between the 
two lobes is noticeable from the very beginning of their 
appearance. As development proceeds, this separation becomes 
accentuated by the formation of an ectodermal inpushing in 
between the lobes. Moreover, whereas the number of rows of 
the primary or mother neiiroblast cells sharing in the formation 
of each half of a ganglionic pair of the ventral nerve chain is 4 
or rarely 6 , double this number of rows of neuroblasts (about 8) is 
found in the two protocorebral lobes of each side taken together— 
4-6 in the third lobe and 3-4 in the second Jobe. These facts 
suggest almost beyond doubt that each of the tvo protocerebral 
Jobes, and not the whole of the protocerolnum, is homoJogous 
with a segmental ganglion of the ventral nerve chain. 
Consequently, the optic lobes being left out of account, the 
protocerebrum riust he regarded as being prmarily coin posed of 
two pairs of true ganglia, i.e., of two neuromeres. By virtue of 
their position, tJie median or inner pair of these gangJia (third 
pair of protocerebraJ Jobes) is to be regarded as belonging to 
the second or preantennary segment of the head, and the middle 
or outer pair (second pair of protocerebral lobes) to the first or 
labral segment (Table 1). 

(y) Comparison with Scolopendra.—It is iastractive to 
compare the structure of the insect brain, as interpreted above, 
with that of Scolopendra as elucidated by Heymons (1901), 
According to this author, the supraoesophageal ganglion of 
Scolopendra is formed of the pro-, meso- and metacerebrum 
which are composed of the parts given below in Scheme 1. 
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I—^Front brain « Protocerebrum (sensu laio). 


Procerebrum 


Syncerebrum 


r5. 

Protocerebrum < 


ArcWoerebrum. (Unpaired.) 

Lamina dorsalis cerebri. 
(Paired.) 

Lobi frontalis. (Paired.) 

Lobioptici. (Paired.) (Not 
true ganglion.) 

Protocerebrum(scrwi4 etricto), 
(Paired, and belonging to 
the preantennary seg* 
ment.) 


II—Middle brain = Deutocerebrum. 


Mosocerebriim 


1. Lobi olfactorii seu 
antennales. (Paired 

and belonging to the 
antennary segment.) 


Ill—Hind brain = Tritocerebrum. 


1 . 


Metaoerebrum 


Lobi tritocerebrales seu 
postantennales. (Paired 
and belonging to the 
intercalary segment.) 


Scheme 1.— TJio coinpo^itioii of tho br>>u (supracesophagoal ganglion)- 
of Scolopendra^ aooorthng to Heymons 


If we compare this condition with that of insects (e.g., 
LocalsUx; Forficula), a certain similarity becomes apparent. With 
regard to the homologies of the deuto- and tritocerebrum in the 
two groups, I am in agreement with Heymons (1901); but with 
regard to the homologies of tho brain components lying anterior 
to these, I greatly differ (Table 2). 

The unpaired anteriormost ganglion of the embryo of 
Scolopemdra is regarded by Heymons as being represented by the 
anterior portion of the supraoesophageal commissure in insects. 
I disagree with this view. It would bo more in consonance with 
the known facts if we were to believe that during the course of 
evolution the annelidan prostomium and its neuromere, the 
archicerebrum, undergo a progressive degeneration. l?hus, 
in Scohpendra we still find a well marked ‘ archicerebrum 
and the prostomium is reduced but clear as the ‘acron*. In 
insects, reduction goes still further. The ‘archicerebrum^ 
completely disappears, but the prostomium is retained in 
some as the ‘acron’, although it disappears in most insects. 
It would be of extreme interest if a vestigeal ‘ archicerebrum % 
somewhat akin to that of Scolopendra^ were discovered in some 



Table 

The homotogiea of the various components of the brain in the Myriapoda (Scolopendra) and the Insecta. 
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insect—^it should be looked for in the Apterygota and the more 
primitive of the Pterygota. 

The lohm opticus and the lobus frontalis of Scolopendra are 
regarded by Hbymons as homologous with the first and second 
protocerebral lobes respectively of insects. During development, 
the hhi opticus and frontalis are intimately associated with each 
other, and Hbymons himself remarks that the former probably 
arises in part from the latter. I am, therefore, inclined to 
regard both those lohi of Scolopendra as equivalent to the first 
protocerebral lobe (optic lobe) of insects which, as shown above,, 
is not homodynamou^ with a true ganglion. 



b 

Text-fig. 3 («) (6). Thoorotical diagrams of tho anterior region of 
insivt embryos, showing the 7-aoginerital nature* of tho insect hoad. 
Nerve ganglia are shown in heavy black, and ccelom sacs in broken lines. 
The optic lobes arc shown in stipple as they are not homodynamous with 
the nerve ganglia, {a) Early stage. All the coolorn sacs and appendages 
of the head arc seen. The nerve ganglia show their paired origin. The 
arrangement of tho first two pairs of ganglia, r?z., those of the labral 
and proantennary segments, differs from the rest. Arrows indicate the 
dimetion of subsequent migration of the first or labral pair of ganglia. 
(6) Later stage. The paired nature of the nerve ganglia is partly lost. 
The coelom sacs and the preantonnary and intercalary appendages 
disappear. The oral aperture shifts backwards. The protocerebrum 
arises by the fusion of tho first (labral) and second (proantennary) nerve 
ganglia and the optic lobes. The medial concentration of the appendages 
is not shown. (Original.) 

a., antenna; a.c,, antennary coelom sac; e.p., eyer-plate; i,, intercalary 
or premandibular appendage; «.c., intercalary coelom sac; labrum; 
Lc., labral coelom sac; M.<, oral aperture; m., mandible; first maxilla; 
m 2 *» labium; m.o., mandibular coelom sac; m^.c., first maxillary coelom 
sac; m 2 .c, labial coelom sac; oi., optic lobe; pa., preantenna; pa.c., pre- 
antennary coelom sac; first thoracic segment; Jf-7, first to seventh 
nerve ganglia of head, thus: I, labral; 2, preantennary; 3, antennary; 4t 
intercalary; 5, mandibular; 6, first maxillary; and 7, labial; I.-VII., first 
to seventh head segments. 
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The lamina dorsalis cerebri of Scohpendra is homologized by 
Heymons with the third protocerebral lobe of insects whereas, 
by its position, it should, in my opinion, be homologized with the 
second protocerebral lobe (which is the neuromere of the labral 
49egment). 

The ‘protocerebrum’ {sensu stricto) of Scohpendra has, 
a*ceording to Hbymons, not been demonstrated in insects, but 
I would suggest its homologue in the third protocerebral lobe of 
insects which was first demonstrated long ago by Viallanes 
(1891). 

(c) The Labral Segment, 

*(i) The appendages, 

I shall discuss below whether or not the labnim can be 
regarded as representing the true and paired appendages of the 
labral segment. Morphologically, the labrum is not an 
unimportant structure. ^ This is suggested by its wide distribution 
in the Insecta, Myriapoda and Crustacea, and it is certainly 
homologous in these three groups. The characters by which we 
recognize structures as being truly segmental appendages are 
<(i) that they should arise in ontogeny as paired, hollow ectodermal 
evaginations; and (ii) that each member of the pair should 
possess a coelom sac, a portion of which is primarily lodged inside 
the appendage itself. On this basis, the following points support 
the appendicular nature of the labrum: (1) Its rudiments are 
paired in several insects. (2) The occurrence, in a number of 
insects, of an independent pair of coelom sacs lying inside the 
labrum. The newly discovered labral coelom sacs are of great 
importance in establishing the appendicular nature of the labrum. 
They bear precisely the same relation to the labrum as do the 
other coelomic cavities to their respective appendages. To 
disregard this evidence would involve the assumption of three 
independent postulates (Koonwal, 1937) as follows.— (a) That 
the close association between the labral pair of coelom sacs and 
the labrum is purely accidental and of no morphological 
significance. (6) That the labral coelom was originally unpaired 
in conformity with the unpaired labrum and that its paired 
nature is secondary, (c) That the very existence of the labral 
coelom, whether paired or (theoretically) unpaired, is a secondary 
phenomenon. All the three postulates appear to be highly 
improbable. 

The following points are generally put forth as disproving 
the appendicular nature of the labrum, but as will be shown 
below, and as has been recognized by several other authors, all 
these objections are without sound foundation :— 

1. The labral rudiments, in contrast to those of the other 
body appendages arise medianally to the neural swellings.—It 
is now recognized that all the cephalic appendages, particularly 
those lying towards the anterior and posterior extremities of 
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the head, undergo, during ontogeny, a concentration towards the 
median line (Roonwal, 1939, a). The labrum, like its counter¬ 
part at the other extremity of the head, the labium, comes to 
lie on the median line itself, with this difference that while the 
medial concentration of the labium occurs in ontogeny, that of 
the labrum may be said to occur, to a very considerable extent, in 
phylogeny, so that already in the early embryo its paired rudi¬ 
ments arise close to the median line. In some insects this concen¬ 
tration takes place so early in phylogeny that the labrum arises, 
from the beginning, as an unpair^ rudiment in the middle line. 

2. The labrum, unlike the other true appendages, is never 
segmented.—^This character is shared by the preantennary, 
intercalary and several abdorninal appendages, all of which are 
admitted as truly appendicular. Moreover, some of the 
abdominal appendages, such as those which form the uropods 
and cerci, even though they persist like the labrum in the fiidult 
insect, do not undergo any segmentation. 

3. The labrum, unlike the other cephalic appendages, 
occupies a pre-oral position.—^The antennae of the Onycophora 
are also pre-oral, and yet are correctly regarded as true seg¬ 
mental appendages (Wiesmann, 1926, p. 164). 

It would thus appear that the balance of evidence is in 
favour of the appendicular nature of the labrum, and this view 
is accepted here. 

(ii) The codomic cavities. 

The occurrence of a pair of coelom i* cavities in close associa¬ 
tion with the labrum has been recently demonstrated in Carausius 
(Wiesmann, 1926), Ehodinus (MsLiiANBY, 1936) and Locusta 
(Roonwal, 1937).^ That these are true and independent ccelomic 
cavities, there appears to be no doubt. Like the other coolomic 
cavities, they are bounded by a layer of mesodermal cells and 
lie in the hollow of their appendage, the labrum. The only way 
in which they differ from the others is in their comparatively 
small size, but this difference cannot obviously be of much 
significance. The objection of Manton (1928, p. 455) that the 
labral coelom sacs of Carausius may represent the original aorta¬ 
forming part of the preantennary somite cannot be maintained. 
She lays stress on the connection between the labral and pre¬ 
antennary coelom sacs via the stomodeeal mesoderm. Such 
connections, by means of solid mesodermal strands, occur in 
several other head and trunk segments both in Carausius and 
Locusta, and are probably of little significance. Moreover, in 
Locusta, while the labral coelbmic cavities are present, there is 
no trace of the preantennary coelom, and this condition shows 
that the former should be considered not as derivatives of the 
latter, bur rather as independent structures. Again, in Locusta 

1 Also in the stone-fly PteroiMrcya by Miixeb (1939), see Appendix, 

p. 106. 
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the mesoderm of the labral coelom sacs of each side is quite 
independent and is unconnected either with its fellow of the other 
side, or with the stomodseal mesoderm, or the mesoderm of any 
other segment. 

While clear hollow labral coelom sacs have been demonstrated 
in only a few insects, paired mesodermal masses, developing in 
association with the labrum and indicative of collapsed or 
disorganized coelom sacs, have been shown in several insects as 
follows:—In Forficula by Hbymons (1895, a); in Chalicodoma by 
CARRiiflRB and Burger (1897); in some other Hymenoptera by 
Strindberg (1914, a) ; and in Pieris by Eastham (1930, 6). In 
Forficula these masses are distinctly bi-layered and there can 
be little doubt of their being homologous with coelom sacs. 
Thus it will be seen that the existence of either the labral coelom 
sacs or the paired labral mesoderm masses clearly indicative of 
their coelom-sac origin have been found in insects belonging to 
at least six different orders, viz.^ Orthoptera, Dermaptera, 
Hymenoptera, Lepidoptera, Plecoptera and Hemiptera. It is 
perhaps significant that they aie best developed in more primitive 
orders like the Orthoptera and the Hemiy)tcra and so in the 
more specialized orders. For the same reason, the fact that they 
are ill-developed or absent in orders like the Dipteia and the 
Coleoptera is only to be expected since several of the other 
coelom sacs are also suppressed here. They have not so far been 
demonstrated in the Apterygota. 

(iii) The ueuromere. 

It has been shown above that, developmentally, the proto- 
cerebrum must be regarded as consisting of Uvo neuromeres, viz., 
the second and third protocerebral lobes. Of these, the second 
lobe is the labral neuromere and the third lobe the preantennary 
neuromere (Text-fig. 3). This demonstration completes the 
evidence in favour of the existence of the labral segment. 

It must, hov^ever, be pointed out that in post-embryonic 
life the labrum is innervated from the tritocerebrum and not 
from the median protocerebral lobes. The existence of this 
condition would appear to be a serious obstacle in accepting the 
above view, were it not for the fact that the tritocerebral innerva¬ 
tion of the labrum is in all probability a secondary feature in so 
far as the relation of the neuromere and its segment is con¬ 
cerned. The tritocerebrum belongs, without doubt, to the 
intercalary and not to the labral segment. As to why the labrum 
should be innervated not by its own neuromere but by one lying 
three segments behind it, yet remains to be shown. 

{d) The Preantennary Segment. 

Wiesmann (1926) in Carauaius has been the first, and 
so far the only, author to demonstrate the existence of a 
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rudimentary pair of preantennary appendages and coelom sacs. 
Both these characters support the existence of a preantennary 
segment. The recognition of the third protocerebral lobe as 
the preantennary ganglion (Text-fig. 3) has been mentioned 
above. 


(e) Conclusions, 

It has been shown above that, on embryological criteria, we 
must accept the existence of both the labraL and the preantennary 
segments in insects. These, together with the five following 
segments, viz., the antennary, intercalary, mandibular, first 
maxillary and labial, would indicate a 7-segmental nature of the 
insect head (Table 3). 

The chief difficulty in accepting two segments in front of the 
antennary one is that the scheme does not easily fit in with the 
c'ondition regarded as occurring in other Arthropods, particularly 
other Mandibulata, for two pairs of coelom sacs and of neuromeres 
lying in front of the somite of the second antennae have not so 
far been demonstrated in them. Indications of the existence 
of either the one or the other of these two segments are, however, 
evident. Thus, the preantennary coelomic cavities of insects 
[Carausius) obviously have their homologue in the cavities 
bearing a similar name in the Chilopod Scolopendra (Heymons, 
1901); in the precheliceral somite of spiders (Kishinouye, 1894) 
and Scorpio (Brauer, 1895); and finally, in the newly discovered 
preantennulary coelomic cavities of the Mysid Crustaceans, 
Hemimysis (Manton, 1928) and Meso^ >fiopsis (Nair, 1939), and 
the similar but solid somites of Nehalia (Manton, 1934). 
Labral coelom sacs have not yet been found in these instances. 
Appendages of the ‘ preantennary ’ segment have so far been 
demonstrated only in the Insect a and Chilopoda, but not in the 
Crustacea and Arachnida. 

On the other hand, the eadomic cavities claimed by 
Pflfgfblder (1932) to occur in the clypous of the Diplopod 
Platyrrhacus would, by virtue of their position in the clypeus, 
seem to correspond to the labral rather than to the preantennary 
coelomic cavities of insects, although Pflugfelder inclines to 
the latter possibility. A second pair of pre-oral coelomic cavities 
does not occur in Platyrrhacus. As in insects, the labrum could 
be regarded as the appendage of the first segment. 

Regarding the neuromeres, it has been shown above that in 
Scohpendra the lohi opticus and frontalis together represent the 
first protocerebral lobe (optic^lobe) of insects and do not, there¬ 
fore, constitute a true ganglion. These, together with the 
‘ archicerebrum’, the labral neuromere or lamina dorsalis cerebri 
and the preantennary neuromere or ‘protocerebrum sensu 
stricto \ of Heymons, form the protocerebrum sensu lato which is 
homologous with the entire insectan protocerobran. Thus, for 
Chilopods at least, the evidence in favour of the existence of two 
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Table 3. 


Nature 

of 

segments 


Pnmaiy head 
segments 
(procephalonic). 


Secondary head 
segments 

(gnathocephalonic) 


Showing the 1-segmental plan of head segmentation %n 


Insbota 


Segment 

number 


1 


3 


4 


0 


6 


7 


Segment. 

Neuromere. 

Labral ^ 

(Wiesmann, 1926, 
Mellanby, 1936, 
Roonwal, 1937; 

Millfr 1939) 2 

Labral ganglion. [Middle 
protooerebral lobe. (Se¬ 
cond lobe of VlALLANES, 
1891.)! 

Proantennary i 
(Wiesmann, 192b). 

Preantennary ganghon. 

[Inner protocerebral lobe. 
(Third lobe of Viallanes, 
1891.)] 

Antennary 

Doutocerebrum 

Intercalary 
(premandibular or 
postantennary). 

Tritocerebrura 

Mandibular 

Mandibular ganghon 

Maxillary 

Maxillary ganghon 

Labial 

Labial ganghon 


1 Authors who have demonstrated the coelom sacs 
^ See Appendix, p, 106. 
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T..BLB 3. 


th^ IfiMCta (of. Chtlopoda, Diplopoda and Griietacea). 



Chilopoda 

{Scolopendra). 

(Segments). 

Diplopoda 

(Platyrrhacus). 

(Segments) 

Crustacea. 

(Segments). 

Coelom 

sacs. 

Appendages. 

Present 

Labrum 

Labral (?) 

Labral ^ 

(Ptluopeldbr, 1932) 

Labral (?). 

Present 

Preantennue. (Are 
rudimentary and 
evanescent) 

Proantennary i 
(Heymons, 

1901) 

Preantennary (?) 

Proanten- 
nulory ^ 
(Manton, 
1928; 

Naib,1939). 

Present 

Antennas 

Antennary 

Antennary 

Antennulary 

(first 

antennary). 

Present 

Intercalary (pre 

mandibular) appon 
dages 01 post 
antennas (Are 

rudimentary and 
evanescent). 

Intercalary 

(pro 

mandibular) 

Intercalary. (Not 

present m Platyr- 
rhneus, but found m 
some other Diplo- 
pods) 

Antennary 

(second 

antennary). 

Present 

Mandibles 

Mandibular 

Mandibular 

Mandibular. 

Present 

Maxillae 

First maxillary 

First maxillary 

First 

maxillary. 

Present 

Labium 

Second maxillary 

Second maxillary 

Second 

maxillary. 


of these segments are given within brackets. 
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segments lying in front of the antennary one, and thus of a 
7-segmental head, is fairly conclusive, with this difference that 
labral coelom sacs have not yet been demonstrated. The same, 
however, cannot be said for the Diplopoda and the Crustacea. 

6. The Plbubopodia. 

Insect pleuropodia or appendages of the first abdominal 
segment have a problematic function, variously conjectured as 
respiratory, secretory and excretory, etc. Recently, however, 
some information has boon forthcoming regarding their function, 
and it would appear that they may perform variable functions 
in different insects. 

Hagan (1931) has shown that in Hesperoefenes fumarina 
Westwood, a viviparous Hemipteran belonging to the family 
Polyctenidap, the pleuropodia servo as a pseudo-placental organ 
of the embryo (Text-fig. 4). Several embryos lie freely, as a 



Texl’fig. 4 (a)-(6). Two stages in the development of the pleuropodial 
pseudo-placenta m Hesperoctenea fumariua. Diagrammatic, (o) Stage 
of mvagmated pleuropodia which touch each other medially. Note the 
protoplasmic processes. (6) Steige with the completed pleuropodial 
pseudo-placenta. {Baaed on and greatly modified from Hagan, 1931.) 

6., body-wall of embryo; c., embryo; Z., legs; o., wall of maternal 
genital duct; o.c., cavity of maternal gemtal duct; P., pleuropodium; 
p p., pleuropodial pseudo-placenta; pr., protoplasmic processes of 
pleuropodium. 

rule, in the maternal reproductive tracts and the eggs are devoid 
of yolk. The pleuropodia arise like normal limb-bud evagina- 
tions, but shortly before blastokinesis they become invaginated 
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into the body until the pleuropodia of the two sides touch each 
other. After blastokinesis, the invaginated pleuropodial cells 
send out long protoplasmic processes which ultimately surround 
the embryo completely on the outside and thus form a pseudo- 
placental organ. Unlike the pseudo-placental organ of the 
Dermapteran Hemimerus talpoides (Heymons, 1912) and of the 
Psocopteran Archipsocvs fernandi {Fernando, 1934), that of 
Hesperoctenes is not directly attached to the maternal body, and 
the emb^o lies quite freely. Hagan suggests that it absorbs 
the nutritive fluids from the genital ducts and transports them 
to the embryo. (Also see p. 53 ; and Appendix, p. 106.) 

Recently, Slifbr (1937) has claimed that the pleuropodia 
of the grasshopper Melanoplus differentialis are the seat of a 
hatching enzyme which serves to dissolve the tougher portions 
of the egg-coverings and thus facilitates hatching. The evidence 
brought forth by her in support of the claim is, however, indirect. 
By ligaturing the egg above or below the pleuropodia, Slifer 
claims to have shown that one of the egg-coverings, viz., the 
‘white cuticle’, is dissolved only in the portion containing the 
pleuropodia, but remains unaffected in the other half of the egg. 
When the pleuropodia are removed from the embryo, the * white 
cuticle’ remains more or less undissolved. From this, she 
concludes that the pleuropodia secrete a hatching enzyme. 
While Slifer’s experiments are suggestive, more work is 
obviously needed before her claim can bo substantiated, especially 
in view of the fact that the pleuropodia have been shown to 
undergo, in some other Acridids, viz Stenohothrua (Graber, 
1S88, a; 18S9, h) and Ijocmia (Koonwal, 1937), a progressive 
degeneration after blastokinesis until, at the time of hatching, 
they are reduced to partially cuticularized, shrivelled up masses, 
apparently of no physiological significance. More recently, 
Slifbr (1938, 6) has brought forward some cytological evidence 
in support of her contention. 



(A) Evaginate Type. 


(B) Inva^inate Type. 


TexUfig. 5 (A)-(B). Diagrammatic representation of the two main 
types of development of insect pleuropodia. (A)—Evaginate Type. 
(B )—^Invaginate Typo, (a), (6), (c)—^Various consecutive stages of 
development. {After Roonwal, 1937.) 

A'., pleuropodium; b.w., body-wall of germ band; pr. pr., protoplasmic 
processes of pleuropodium; sk., stalk of pleuropodium. 
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Although a considerable mass of data regarding the 
development of the pleuropodia exists {vide Hussey, 1926), 
no serious attempts had, until lately, been made to classify 
their various modes of development. Recently, however, 
Roonwal (1937) has classified insect pleuropodia into two types: 
(i) Evaginate type, when they remain evaginate throughout their 
developmental history. Their distal end may undergo a slight 
invagination, but the latter does not sink beneath the body wall 
of tho embryo, (ii) Invaginate type, when they invaginate into 
the body before finally disappearing (Text-fig. 6). 

7. The Otheb Abdominal Appendages. 

While the existence of embryonic abdominal appendages, 
homodynamous with the thoracic legs, has been recorded in 
most insects, opinion has been somewhat divided firstly, as to 
their appendicular nature and secondly, as to whether they 
|)eraist in post-embryonic life, and if so, in what form. The 
eighth to eleventh abdominal appendages are usually retained 
as gonapophyses, cerci, etc., while the first seven •appendages 
have generally been regaided as com})lotely disappearing except 
in the Apterygota where a variable number of them is retained 
in the adult stage. Haase (1889, a) conjectured that in Machilis 
and Blatella (BLaita, Phyllodronna) some of the anterior abdominal 
appendages take some share in the formation of the lateral 
parts (pleuron ?) of tho ventral plate and this view was supported 
by Geaber (1889, c; 1890) in Melolontha, Modern research has 
not lent support to this view, but the point deserves careful 
remvestigation especially in view of the fact that the thoracic 
pleura,as will be shown below (p.56),have been definitrOv demons¬ 
trated to be derived from their respective limb base or subcoxa. 

Regarding the prologs of the carterpillars (Lepidoptora) 
and of the carterpillar-like larvae of the saw-flies (Tenthrodinidae), 
Kowalewsky (1871), Tichomikoff (1882) and Geaber (1890) 
in Bowbyx and Hyhtorm, derived them directly from true 
abdominal appendages. This view, however, was opposed 
by others who regarded the prolegs as secondary formations 
first developed in the larva. Korschblt and Hetder (1892), 
reconciling these two views, suggested that the embryonic 
abdominal legs, although disappearing from view, are not 
completely lost: their vestiges remain latent for a time and later 
become reactivated in the larva to form the prolegs. The 
recent work of Friedmann (1934) is, therefore, of interest in 
finally deciding this point, at least for the Lepidoptera. She 
has shown that the prolegs of Choerocampa elpenor and Odonestia 
potatoria are directly derived from the embryonic abdominal 
appendages and should, consequently, be regarded as truly 
appendicular structures (Text-fig. 6). She has seen these 
transformations in abdominal segments 3-6 and 10. Eastham 
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(1930, 6) found a similar condition in Pieris rapoe. The nature 
of the abdominal feet of the larvae of the saw-flies has not 



Tejct-fig. 6 (a)-(c). Development of tho prole^B or abdominal feet of 
Odonestia potatoria, (a )—■Abdominal appendage of 8J days old embryo. 
(6)—Same of daya oUl embryo. The rudiments t f the crochets are 
being laid, (c)—Same of lOj daya old (nearly fully developed) embryo. 
The crochets are complete. {Adapted from Frikdmann, 1934.) 


cr., chrocheta. 


yet been studied, but it is probable that these structures will 
be found, as in the Lepidoptera, to be direct derivatos of the 
embryonic abdominal appendages. 


8. The Embkyonio Blood Sinusbs. 

The existence of numerous transient embryonie blood 
sinuses in insects is of considerable phylogenetic interest when 
we recall that thes(» sinuses, along ^ith the heart, represent the 
primitive body cavity or schizocoel of . he Annelids, and not the 
secondary body cavity or coelom. The definitive body cavity 
of insects is a ha'inocoel \\hich almost completely replaces the 
coelom. Of th(‘ schizocoelic sinuses in insects, the circum- 
intestinal blood sinus is of special importance as it is undoubtedly 
homologous \dth a similar structure in the Annelids where it is 
connected \^ith the heart throughout life by moans of a long 
connecting sinus. The various stages by which this connection 
becomes severed in insects, so that ultimately the circum- 
intestinal blood sinus remains only as an embryonic organ of 
recapitulatory and not functional interest, have been recognized 
by Hirschler (1924) and by Roonwal (1937). So far, the 
following three stages have been discovered (Text-fig. 7):— 

(а) The heart opens into the circum-intestinal blood sinus 

by means of a long connecjting sinus. This condi¬ 
tion is found in the distal proctodaeal region of 
Donacia (Hirschler, 1909, a), and in the distal 
mesothoracic region of Locuata (Roonwal, 1937). 

(б) The heart directly opens into the circum-intestinal 

blood sinus without the intervention of a connecting 
sinus. This condition occurs in CaravMua 
(Wiesmann, 1926). 
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(c) The heart does not open into the circum-intestinal 
blood sinus, but merely abuts on the mid-dorsal 
wall of the latter. This condition occurs in 
Locuaia (Roonwal, 1937) throughout the length of 
the heart, except in the distal meso-thoracic region 
where the condition described above in (a), obtains. 



Tcxt-Ji(j. 7 (a) (c). Stages in the evolution of the relation between 
the circum-intestinal blood sinus and the heart in insects, (a)—Proctodajal 
region of Donacia or distal mosothoracic region of Locusta, (6)—Mid-gut 
region of CarausiuA, (c) —Mid-gut region of Locuaia, {After Roonwal, 
1937.) 

h,w,^ dorsal body-wall of embryo; c.5., connecting sinus between 
heart and circum-intestinal blood sinus; fl., heart; i.h,y circum-intestinal 
blood sinus; m.g., mid-gut; p., proctodteum; stomodscum. 


9. POLYBMBBYONY AND THE EMBRYONIC MEMBRANES. 

Recent advances in the field of polyombryony and the 
origin and fate of the embryonic membranes in polyembryonic 
insects have been summarized by Imms (1937), and I need not, 
therefore, go into the subject here. 

The persistence of a small portion of the serosa in Locuaia 
(Roonwal, 1935, 5; 1937) may be mentioned. In this insect, 
while the greater portion of the serosa degenerates by the forma¬ 
tion of a dorsal organ, a small portion of it at the extreme 
posterior (micropylar) end of the egg remains unaffected. The 
poaterior aeroaal patch, as this structure has been termed, actually 
undergoes further development by becoming bi-layered and 
thus developing a cavity. This arrangement persists until 
hatching when the posterior serosal patch is cast off with the 
egg-shell. In no other insect has such a structure been described 
and its significance is as yet obscure. 

Noskibwicz and Poluszynski (1928) have shown that in 
Stylopa (Strepsiptera) there is formed only one embryonic 
membrane which they regard as equivalent to the amnion plus 
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serosa of other insects. It may be mentioned that this condition 
strongly recalls the one described long ago by Sclatbr (1888) 
in PeripcUus indhurni (Onycophora) in his so-called pseudo- 
gastrula \ with this difference that unlike as in Stylopa^ the 
embryonic ‘ cup ’ of Peripatus does not hold any yolk in its hollow 
(Text-fig. 8) (also see p. 27). As pointed out by Korschblt 



Text-fig. 8 {a)-{f). Figures showing the formation of the embryonic 
membrane. 

(a)-(c )—Stylops sp. (The figures have been tunied upside down for 
facility of comparison with Peripaiue.) Note the extruded yolk mass, 
(a)—Blastula-like stage. (6)—The cup-like stage, showing the differentia¬ 
tion of the germ band proper and the embryonic membrane, (c)—Later 
stage. {Adapted from Noskiewioz and Poluszynski, 1928.) 

(d)-(/) —Peripatus imthumi. {d )—^Blastula-like stage, (e)—The cup- 
like stage (pseudo-gastrula of Sclatbb) showing the differentiation between 
the embryo proper and the embryonic membrane. (/)—Later stage, 
{After SoLATER, 1888.) 

c., cuticular(?) membrane bounding the maternal uterus internally; 
E.t embryo proper; Ea.t anterior end of embryo; Ep.^ posterior end of 
embryo; M., embryonic membrane; p., placenta-like growth of cells; 
rE,, rudiment of embryo ; rM.y rudiment of embryonic membrane; 
y., extruded yolk mass. • 

1 Kennel (1885; 1888) interpreted a similar condition ’m Peripedus 
edwardsii in an entirely different way which is probably wrong. He 
regarded the outer membrane of Sclateb as a derivative of the maternal 
uterine epithelium. Willey’s (1898) observations on Peripatus novas- 
brUtanias would appear to support Solateb’s view. 
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and Heideb (1899), the single embryonic membrane of Peripaiua 
inUhumi might supply a clue to the origin of the double embryonic 
membranes, the amnion and the serosa, of insects. The condition 
in Stylopa strongly supports this suggestion. 

10. The Pbovisional Dobsal Closube of the Embbyo. 

It is well known that the definitive dorsal closure of the 
embryo is completed by the germ band ectoderm. Before this, 
however, the majority of insect embryos undergo a provisional 
dorsal closure formed by the amnion, the serosa, or both these 
membranes. This provisional dorsal closure is then replaced by 
the germ band ectoderm. 

In the AcrididfiB a remarkable type of provisional dorsal 
closure has been found. Grabbr (1888, a) first discovered in 
Stenohothrua variabilis that the lateral edges of the young germ 
band give rise, at a point slightly above the origin of the amnion, 
to an ectodermal outgrowth which soon forms a provisional 
dorsal closure of the embryo, cutting off the latter from the yolk 
and enclosing an epineural sinus. Roonwal (1937) has^confirmed 
this in LociLSta (Text-fig. 9) and has further shown that it repre- 



Text-fig, 9. Diagrammatic representation of a transverse section of 
the early 6mbryo of Locusta, showing the early or first provisional dorsal 
closure. {Based on Roonwal, 1937.) 

a., amnion; ac., amniotic cavity; ea,, epineural sinus; gb,, germ band; 
P; provisional dors^ closure; a,, serosa; y., yolk. 

sents only the first provisional dorsal closure, and is followed by 
others. The fate of the first provisional dorsal closure of Loouata 
is remarkable. At first it serves as a gliding surface beneath 
which the splanchnic mesoderm progresses medianally. After 
some time the splanchnic mesoderm separates from the first pro¬ 
visional dorsal closure at the lateral edges of the germ band, and 
in this way the first pair of lateral embryonic blood sinuses are 
formed. The blind ends of the stomodaBum and the procto- 
daeum are also closely attached to the first provisional dorsal 
closure. During blastokinesis the portion of the first provisional 
dorsal closure lying between the blind ends of the stomodasum 
and the proctodaeum snaps at the edges and grows round the 
yolk in the same way as the amnion l 3 dng dorsal to the embryo 
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and the portion of the serosa lying anterior to the latter. Its pre- 
stomodseal and post-proctodaeal portions remain unchanged until 
sometime after blastokinesis when they probably degenerate, 
being replaced by the definitive dorsal closure formed by the 
hypodermis. Mid-dorsally, the first provisional dorsal closure is 
fused with the amnion, the latter forming the aecmd or amniotic 
^provisional dorsal closure of the embryo. The first provisional 
dorsal closure at this stage forms the first provisional mid-gvi 
epithelium. Afterwards, the splanchnic mesoderm grows round 
the yolk and separates the first provisional dorsal closure from 
the amnion. The first provisional dorsal closure then de¬ 
generates, leaving the inner layer of the splanchnic mesoderm as 
the second provisional mid-gut epithelium until the definitive 
mid-gut epithehum is formed from the ‘end-ectodermal masses’, 
as has been mentioned above. The second or amniotic 
provisional dorsal closure of the embryo is soon replaced by the 
definitive dorsal closure formed by the extension of the lateral 
ectoderm. Thus, two provisional dorsal closures are formed 
in some insects, the first one of these being peculiar to the 
Acrididaj. 


11. Blastokinesis. 

(a) Mechanism of Blastokinesis. 

Some precise knowledge has accumulated recently regarding 
the mechanism of blastokinesis. Slifor (1932, a), Thompson 
(1934) and Roonwal (1937) have observed it in the living eggs 
of representatives of the family A crididse. In Locusta (Roonwal) , 
about two to three hours (at 33°C.) before the beginning of 
blastokinesis, peristaltic movements originating at the caudal 
and proceeding towards the cephalic end of the embryo are seen. 
At the same time, the entire embryo pulsates in such a way that 
its dorsal surface abutting on the yolk expands and contracts. 
Each pulsation lasts for about 1 to 2 seconds, with intervals 
of 3 to 6 seconds between succeeding pulsations. The perii^taltic 
movements cause the head of the embryo to strike against the 
embryonic membranes and rupture them. The latter contract 
on rupturing and the embryo now turns round the posterior 
pole of the egg and reaches its dorsal surface. Slifbr found also 
that in Melanopltts femur-rubrum the embryo after completing 
revolution ‘ turns slowly on its long axis until its ventral portions 
lie beneath the concave surface of the egg’. In '^Tjocusta blasto¬ 
kinesis takes, when it proceeds*smoothly, about 17-20 hours for 
its completion at 33°C. Sometimes, however, it stops for several 
hours at various stages of the process and may take nearly 
double the above time. In Melanoplus Slifer found that 
blastokinesis may be partially gone through even though the 
serosa remains unruptured. She also found that, in exceptional 



52 


MITHAN LAL ROONWAL 


[VOL. IV, 


cases when blastokinesis fails to occur, development may 
continue inspite of this defect and a normal animal result. 

Thompson (1934) has made a detailed study of the rhythmic 
contractions of the lateral body walls of the embryo of Melanoplm 
femur‘Tubrum, The contractions commence during blasto¬ 
kinesis and are synchronous with the heart-beats when the latter 
make their appearance. These activities fall into three chrono¬ 
logical periods: (i) From blastokinesis to yolk engulfment, in 
which the movements are slow, being of the order 15-20 
per minute at 25°C., are at times irregular and may even exhibit 
reversibility in the direction of movement, (ii) From yolk engulf¬ 
ment to nearly the moment of hatching, in which the rate of the 
contractions increases rapidly to 120-150 per minute, (iii) A 
period during which this high rate of contraction is maintained 
at a fairly constant level. 


(b) Theories of Blastokinesis, 

Little exact knowledge exists regarding the jihysiological 
significance of blastokinesis, but a number of theories have been 
put forth and are briefly described below:— 

1. Illusion theory, —Some of the earlier authors believed 
that blastokinesis is not an active process but an illusion caused 
by the development of the various body parts in such a way 
that the embryo seems to undergo a change of position. In 
view of the fact that vigorous movements of the embryo take 
place during and just before blastokinesis, and that the revolution 
of the embryo has now been established beyond doubt, this 
theory has no foundation. 

2. Chemical theory, — Wheeler (1893) suggested that the 
embryo turns in order to get away from the waste products of 
metabolism and to go to a ‘healthy’ territory of the yolk. The 
objections to this view are (i) that waste products can diffuse 
throughout the egg, and (ii) that several insects undergo no 
blastokinesis. 

3. Spatio-mechanical theory. — Tirelli (1931, a) suggested 
that the silk-worm embryo turns in order to give more space to 
the dorsal side. In the pre-blastokinetic period, the ventral 
side of the embryo is convex and, therefore, provides a greater 
space for the development of the organs than the dorsal side 
which remains comparatively undeveloped for a long time. At 
a critical stage, when the development of the ventral side is 
more or less complete, the embryo turns round so as to give 
more space to the dorsal side which then becomes convex. This 
hypothesis has been accepted by Grandori (1932, a). 

It must, however, be admitted that we are still far from 
fuUy understanding the true significance of blastokinesis. 
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12. Viviparity. 

Various types of viviparity had been known in insects since 
a long time, but no satisfactory classification of these types 
existed. The classification recently proposed by Hagan (1931), 
therefore, serves a very useful purpose. Four types of viviparity, 
depending largely on the nutritive arrangements of the embryo, 
have Ix^on recognized by Hagan, and the last type has been 
further subdivided hero into a number of classes. The various 
types are described below :— 

1. Ovo-viviparity. —^The egg contains a sufficient amount of 
yolk to nourish the embryo until hatching. The larva, until it 
is extruded by the mother, does not receive additional nutri¬ 
ment from 8|)ecialized organs. Examples: Some CoccidtiB; 
some Coleoptera; Sarcophagida); the Psocopteran, Hyperetea 
guestphalicMS ^Jentsch, 1936); and others. 

2. Intuasnctio-viviparity. —The egg contains a sufficient 
amount of yolk to nourish the embryo until hatching. The 
larva is retained in the maternal uterus and is nourished by means 
of secretions from specialized organs, such as uterine glands, of 
the mother. No placenta-like organs are formed. Examples: 
Gloasina; some MuscidsB; and the Pupipara. 

3. Kxgenito-viviparify. —^The egg contains little or no yolk. 
The embryo, in a stage of development corresponding to the egg 
stage of the ovo-viviparous forms, obtains its nourishment 
directly from the maternal tissues by means of a trophamnion, 
trophserosa, or trophchorion. Development occurs in the 
maternal haiinocioel and not in the genital tract. Examples: 
Stropsiptera. 

4. PseudoplacentO’Viviparity. —The egg (jontains little or 
no yolk. The embryo develops in the genital ducts of the mother 
and receives from the latter, at least for some time, a supply 
of nutriment by means of a placenta-like organ called the 
pseudo-placenta. Examples: Heaperoctenes (Hemiptera); Hemi- 
7 nerua ^)ermaptera); Archipaocva (Psocoi)tora); and others. 
Under this head, I propose the following further sub-types:— 

(a) Attached embryo type. —In this case the embryo is 
attached by means of the pseudo-placenta to the 
maternal body for a varying period. This is further 
divisible into the following three types depending 
on the origin of the pseudo-placfenta which may 
arise as follows f 

(i) Exclicaively from, the maternal tiaauea. —^In the 
parthenogenetic eggs of viviparous aphids. 
Will (1888) showed that after the develop¬ 
ment of the ‘blastoderm’, the egg contains 
only a small amount of food-yolk—^the 
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so-called ‘ primary food yolk ’—^in which a few 
yolk cells are found. This yolk soon dis¬ 
appears. Subsequently, however, the embryo 
is provided by a fresh mass of yolk—the 
so-called ‘secondary yolk or pseudo-vitellus *— 
through the development of a kind of pseudo- 
placental outgrowth from the maternal folli¬ 
cular epithelium which penetrates the embryo 
through a gap (wrongly called ‘ blastopore ’ by 
Will) in the ‘ blastoderm ’ and ultimately 
fuses with the latter. By a disintegration of 
the pseudo-placental cells, there arises the 
‘secondary yolk’ which comes to lie in the 
primary body cavity of the embryo and into 
which the already present yolk cells of the 
embryo wander. After a time the connection 
of the pseudo-placental ‘ secondary yolk ’ with 
the maternal follicular epithelium is severed, 
(ii) Exclusively from the embryonic tissues. —So far 
only the embryonic membranes liave been 
known to form the pseudo-placenta. In 

Archipsocus fernandi (Fernando, 1934) it 
arises from the serosa in the posterior region 
(Text-fig. 10), and from both the amnion and 



Text-fig, 10. Portion of sagittal section of posterior region of the 
embryo of Archipsocus fernandi, showing the connection of the serosa 
with the maternal ovarian tubule. {After Fernando, 1934.) 

region of the fusion of serosa with wall of ovarian tubule; nut.m., 
nutritive mass; ov.t., wall of ovarian tubule; proct., wall of proctodapum; 
ser,, serosa; th., thoracic leg. 

the serosa in the anterior region. In both 
those regions the membranes fuse with the 
ovfirian wall. 

(hi) Both from the embryonic and the maternal 
tissues, —In Hemimerus talpoides (Hbymons, 
1912) the pseudo-placenta is formed largely 
by the amnion, but in part probably by the 
maternal tissue also. This condition would, 
therefore, appear to occupy an intermediate 
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position between (i) and (ii) mentioned above, 
although it must be pointed out that the three 
kinds of pseudo-placentsB have been, in all 
probability, evolved quite independently of 
one another. 

{b) Free embryo type ,—^In this case the embryo lies freely 
in the maternal genital ducts and is not fixed in any 
way to the latter. The pseudo-placenta is formed, so 
far as is known, by the pleuropodia, as in 
Heaperoctenes (Hagan, 1931) discussed above 
(p. 44). The pseudo-placenta has no direct connec¬ 
tion with the maternal ovarian wall and only serves 
to absorb the nutritive fluids present in the oviduct. 
(Also see Appendix, p. 105.) 

13. The Genital Cells. 

The genital cells of insects are usually differentiated after 
the formation of the mesodermal somites and, indeed, from 
the latter. In numerous cases, however, they arise very early— 
sometimes during or even before cleavage—and then undergo a 
period of rest before acquiring their definitive position on 
the mesodermal somites and again becoming active. It is, 
therefore, desirable that we should be able to distinguish the 
exact point of time, in relation to other embryonic processes, 
when the genital cells arise. For this purpose, the following 
classification, where the insectan genit i i colls have been classified 
in accordance with the time of their appearance, has been 
proposed (Hoonwal, 1939, b). The classification is a modifica¬ 
tion of that originally proposed by Shinji (1924). 

1. Pre-cleavage differentiation .—Before cleavage begins. 
It is a kind of chemo-differentiation of the periplasm and, 
consequently, does not involve discrete cell or cell-like masses of 
protoplasm. It occurs in some Hiptera, Coleoptera and probably 
the parasitic Hymenoptera. 

2. Cleavage differentiation .—During (jleavage. It occurs 
in some Diptora, such as Chironomua and Miastor, 

3. Post-cleavage differentiation .—(Blastodermic differentia¬ 
tion of Shinji.) After the end of cleavage but before the 
differentiation of the inner layer. It occurs in Isotoma 
(Collembola), Forficula (Dermaptera), Vanessa (Lepidoptera) and 
in some aphids and coccids. 

4. Differentiation from the, inner layer .—(Mesodermic differ¬ 
entiation of Shinji). Undoubtedly from the mesodermal 
elements of the inner layer. It occurs in most Pterygota. 

14. The Body Sclerites. 

Embryology has recently thrown some light on the origin 
of two of the body sclerites, and these will be considered below. 
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(a) The Basal Sderites of the Labium, 

The difficulty of the homology of the basal sderites of the 
labium has been discussed recently by Snodgrass (1935), 
Imms (1937) and others. Several writers have suggested, on 
morphological grounds, that while the mentum is of an appendi¬ 
cular origin and corresponds to the fused cardines of the first 
maxilla, the submentum is not truly appendicular but belongs 
to the sternal region of the labial segment. 

Recent embryological evidence is entirely against this 
view. Roonwal (1937) has shown that in Locusta no portion 
of either the labial or the prothoracic sternum takes part in the 
formation of the labial base, and the posterior border of the 
submentum represents the true anterior boundary of the 
prosternum. The labial sternum fuses with the two preceding 
sterna to form the h 3 rpopharynx. The mentum does not exist as 
a separate sclerite in Locusta but is probably fused with the 
submentum. 

Holmgren (1909) maintained, also on embryological 
grounds, that the submentum of Eutermes is derived* from the 
articulatory membrane between the labial and the first thoracic 
segments and, ontogenetically, is not a part of the labium. This 
view is at variance with the above-mentioned observations on 
Locusta, According to Heymons (1899), in Hemipteran embryos 
the various portions of the jaw appendages, such as the lacinia, 
galea, palpus, etc., arise independently and unite together second¬ 
arily to form the complete jaw appendage. No subsequent 
worker has confirmed this remarkable claim and it is difficult to 
accept it at present. 


(6) The Pleura (Text-figs. 11 and 12). 

Heymons (1899) first showed, on embryological evidence 
from the Hemiptera, that the insectan pleura in the thoracic 
region arise either wholely or in part from the subcoxa of their 
segments. Subsequently, several authors claimed this on purely 
morphological grounds (vide Imms, 1937), and thus arose the 
‘subcoxal theory’ of the origin of the pleuron. It is obvious 
that in deciding a problem of this nature, reference must be 
made to embryology, but for a long time Heymons’s paper stood 
alone in this respect. Recently, however, Roonwal (1937) has 
provided support for this theory from the condition obtaining 
in Locusta embryos, as will be evident from the following des¬ 
cription taken from that author:— 

The first division of each typical segment of the body 
(Text-fig. 11) is into a median sternum and two lateral primary 
tergal sclerit^. The sternum is divisible into a median portion 
termed the primary medio-stemite, and two lateral portions, the 
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primary latero-sternites^. The latter bear the appendages. 
The above description applies from the mandibular to the tenth 
abdominal segments, but what follows refers to the thoracic 
segments oijy. After blastokinesis the lateral edges of the 
embryo grow round and unite in the mid-dorsal line, thus 
forming a complete or definitive tergum. The articulations of the 



Text-fit], 11. Diagrammatic roprosentation of a transverse section 
across the metathorax of an embryo of Locusta migratoria rnigratorioidea 
R. & F., shortly before blastokinesis, showing the primary tergal and 
stomal sclorites. {After Roonwal, 1937.) 

e.«., opineiiral sinus; 7., rnotathoracic log; n.g.^ nerve ganglia; p.d»c,t 
first provisional dorsal closure of embryo; p.lat.a., primary latoro-stemito; 
primary medio-stornit-e; terg., primary tergal selorite. 

legs with the body move laterally and come to lie at the junction 
of the tergum with the sternum. At the same time, the subf oxal 
joint of the thoracic legs grows and forms a largo sclerite, the 
pleuron, between the tergum and tl < sternum (Text-fig. 12), 
Each pleuron further becomes divided into an anterior sclerite 
or episternum, and a posterior sclerite or epimeron. The 
epistemum of the prothorax be(‘ome8 prolonged into a short 
spine over the coxa. In this way the entire pleuron in each of 
the thoracic segments of Locusta arises from the subcoxa of its 
segment. 

15. The Corpora Allata. 

All workers are agreed that the corpora allata first arise as 
invaginations of the head ectoderm, but the position of these 
invaginations apparently varies in different insects. Thus, in 
Forficula (Heymons, 1895, a) they arise from the base of the 
first maxillae; in Apis (Nelson, 1915) from the mandibular 
segment; in Pieris (Eastham, 1930, b) from the mandibular 
aTOdeme; and in Caravsius (Wiesmann, 1926) and Locusta 
(Roonwal, 1937) from the intersegmental membrane between 
the mandibular and the first fnaxillary segments. 

1 The term ‘primary latere-storniteB’ is to be distinguished from the 
term latero-Bternite’ employed by the morphologists. Thus, Snodo^ss 
71935) uses the latter term to denote the lateral portion of the definitive 
thoracic sternum ‘apparently derived from the ventral arc (stemopleurite) 
of the subcoxa’. 
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Text-fig, 12 (a)-(c). Thoracic regions of embryos of Locusta migratoria 
migratorioidea, R. & F. viewed from the side, showing the origin of pleura 
from the subcoxa. The logs are shown in part only, (a)—From embryo 
120 hours old (at 33®C.). (6)—^From embryo 7 days old, i,e., one day 

after blastokinesis. The mesothoracic subcoxa is seen dividing into an 
upper or epistenial portion and a lower or epimeronic portion of the future 
pleuron. (c)—^From a freshly hatched female hopper. {After Roonwal, 
1937.) 

cx,t coxa; dp., minute, evanescent femoral depressions of problematic 
signifioanoe; epistomum of 1st to 3rd thoracic segments; er^.-er*., 

epimeron of 1st to 3rd thoreicic segments, /r., femur; acx,, subcoxa; 

«p*., first and second spiracles; th^.a,, meso- and metathoracic 

sternum; th^,t,-th^,t,, Ist to 3rd thoracic terga; ^r., trochanter. 
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However, in a recent work Tibgs and Mitbbay (1938) have 
claimed that in the beetle Calandra oryzae the corpora allata are 
derived from the walls of the antennary coelom sacs. In other 
words, they are mesodermal in origin. Now, in several insects it 
has been clearly shown that while these organs first arise 
imdoubtedly as ectodermal structures, they later become 
invested with a thin mesodermal coat from the inner walls of 
the antennary coelom sacs. In older stages it is diflGicult to 
distinguish this mesodermal covering from the ectodermal 
portion. Tibgs and Mtjbbay have probably failed to distinguish 
betw^n the ectodermal origin of these organs and their secondary 
association with the antennary mesoderm, and it is difficult 
to accept their unique claim until adequate confirmation is 
forthcoming. 

16. Some Embbyological Pboblems. 

While a detailed study of the embryology of almost any 
insect is likely to yield new and valuable information, some 
important laciinaB in our knowledge of this subject and certain 
special lines of fniitful investigation may be mentioned. 

First of all, some of the primitive or otherwise interesting 
orders have not been worked out at all. These are: the Protura 
among the Apterygota; and the Mecoptera among the Pterygota. 
Among certain others, such as the Plecoptera, Isoptera, Emoiop- 
tera, Psocoptera, Anopleura, Ephemeroptera, Thysanoptera, 
Neuroptera, Strepsiptera and the Apl' iniptera, while some work 
has been done, further and fuller information is greatly needed. 
Thus, in the Strepsiptera, for example, Hoffmann (1914) and 
Noskibwtcz and Poluszynskt (1928) have obtained results of 
such great interest, especially with reference to early development 
and gastrulation, that one can confidently predict further 
important results in this group. 

The early development of the parasitic Hymenoptera, 
especially the polyembryonic groups, and the precise origin of 
the embryonic envelops in them, is a subject calling for enquiry. 

The accumulation of embryological evidence in regard to 
head segmentation is another important subject of research 
interest in which has recently been rekindled by the discovery of 
labral and preantennary coelom sacs in Carauaim and of the 
former alone in Rhodinus and Locuata^ It would consequently 
be of very great interest to investigate the cephalic coelom sacs 
and the development of the, brain in the other Orthoptera as 
well as in other primitive insects. 

The precise and detailed mode of differentiation, stage by 
stage, of the germ layers would provide extremely welcome 
information. It is essential that every event, however fleeting 


1 Also Pttronarcys, see Appendix, j). 105. 
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and apparently insignificant, in this process should be recorded as 
otherwise, we shall not be able to get beyond the stereotyped 
accounts of embolic and epibolic gastrulations which are only too 
well known. Before leaving early development, it may be pointed 
out that the kinetics of the cleavage cells, i.e,, their division 
and migration rates, the proportion of the primary yolk cells to 
other cleavage cells, and such other phenomena, have been 
so far investigated in very few insects, and more work is desirable 
in this field. 

The role of the embryonic abdominal appendages in the 
formation of the uropods has been investigated in but few insects. 
The eighth and ninth abdominal appendages are generally 
believed to form the lower and upper ovipositor valves respec¬ 
tively of the female. These and other cognate phenomena must 
be investigated further before indisputable evidence can be said 
to have accumulated for the above view. 

The origin of the mid-gut epithelium is too i^ell known a 
problem to need emphasis and any new and exact information 
on that point cannot but be of interest. The claim of certain 
recent authors regarding the share which the yolk cells take in 
mid-gut formation is a point which es|)ecially needs confirmation. 
In this connection it may be mentioned that most authors have 
not been able to distinguish between primary and secondary 
yolk cells, although long ago (Iraber (1891, a) had claimed that 
in Mehlonth/i he could distinguish between the two kinds of 
yolk cells by their histological characters. This point deserves 
closer study. What happens to the primary yolk cells when the 
secondary ones begin to be formed ? Do all of them degenerate; 
and do they become inextricably identified, in their morphology 
and their faU^ with the secondary yolk cells ? What is the life 
of a single yolk cell ? Answers to these and other related ques¬ 
tions are admittedly most difficult to obtain, but no serious 
attempts have been made in that direction. The recent work 
of Tirelli (1926-1934) and other Italian workers has, however, 
opened up interesting possibilities in the field. 

A oriti(;al study of the process of blastokinesis, as has 
recently been attempted in some grasshoppers and the silk¬ 
worm, is certain to yield valuable and interesting information 
if undertaken in other insects. 

The origin of some of the body sclerites is a much-discussed 
problem largely because conclusions have hitherto been derived 
from theoretical evolutionary pictures based on morphology of 
the post-embryonic stages only. Embryological evidence, 
whenever available, has not failed to throw light on these dis¬ 
cussions. Thus, the origin of the entire pleuron from the subcoxa 
and the truly appendicular nature of the labial submentum has 
recently been conclusively demonstrated in Locuata. But the 
development of these sclerites in other insects must be studied 
before generalizations of any value can be made. 
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I have indicated above only a few lines of research in 
descriptive or spatial embryology which are likely to prove 
fruitful. Rich subjects like bactorial symbiosis and experimental 
embryology are beyond the scope of the present work. In the 
former, Buchner and his school in Germany have produced 
extensive and extremely interesting work. In the latter, we 
have the pioneer works of Hegner (1908-1911) in America, 
Gbigy (1931) in France, and, the most important of all, Pauli 
(1927), Reith (1925-1936) and of Seidel (1926-1936) and 
his school (Krause, 1934, 1938; Schnetter, 1934, a, 6; and 
Maschlanka, 1938) in Germany. In this connection, the helpful 
review of Richards and Miller (1937) also deserves mention. 
These fields, as well as that of embryonic physiology, lie almost 
virgin to-day and must be attacked. 

IV. SUMMARY. 

A brief historical sketch of the development of insect 
embryology; from the days of Aristotle up to modern times, 
is given. 

The carbolic-acid-and-water technique, evolved by Slifbr 
and King (1933) has practically solved the difficulty of sectioning 
large yolky insect eggs. 

The amplified theory of multi-phased gastrulation among 
insects (Roonwal, 1939 b) is described. Its more important 
features are: (i) the suppression of ^^he blastula stage; (ii) the 
spatial and temporal elongation of gastrulation and its con¬ 
sequent occurrence in several phases and sub-phases; (iii) the 
quadruple nature of all the three germ layers which are dis¬ 
tinguishable firstly, into primary and secondly portions and 
secondly, into permanent and evanescent portions; and (iv) 
the tendency towards the suppression of the primary germ layers. 

Some recent authors have shown that yolk cells definitely 
share in the formation of the mid-gut epithelium of certain 
insects. 

Henson’s (1932) unique claim of the endodermal origin of 
the insectan Malpighian tubules has been regarded by most 
authors as being devoid of foundation, and these structures are 
believed to be undoubtedly ectodermal. 

A curious inversion of cell polarity has been recorded in the 
early embryos of some Strepsiptera. 

Recent embryological evidence tends towards the establish¬ 
ment of two segments—^the labral and the preantennary— 
lying in front of the antennary one, and thus towards the 
establishment of the 7-segmental nature of the insect head. The- 
demonstration of the labral and the preantennary pair of coelom 
sacs in CarauahiS by Wiesmann (1926), and of the former alone 
in Bhodinus by Mbllanby (1936) and in Locusta by Roonwal 
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(1937) 1, provides support for this theory. A new interpretation 
of the composition of the insectan protocerebrum is presented 
according to which it is composed of two neuromeres which are 
assigned to the labral and the preantennary segments. 

The pleuropodia of the viviparous Hemipteran, Hesperoctenea 
fumarivs form, according to Hagan (1931), a pseudo-placental 
organ. Slifeb (1937 and 1938, b) claims that in the grass¬ 
hopper, Melanoplvs, the pleuropodia secrete an enz 3 mie which 
aids in hatching. A new classification of insect pleuropodia into 
‘ evaginate’ and ‘invaginate* types, based on their development, 
has recently been proposed. 

Fbiedmann (1934) has shown that the prolegs of the 
Lepidopteran caterpillars are direct derivatives of the embryonic 
abdominal appendages and must, therefore, be regarded as true 
segmental appendages. 

Certain embryonic blood sinuses of considerable phylogenetic 
significance have been recorded in several insects. Their 
theoretical evolution in relation to the heart or mid-dorsal 
vessel of insects has been recently envisaged, and is described. 

Three embryonic dorsal closures—two provisional and the 
third definitive—have recently been shown to occur in the 
Acrididas. Their relation with the provisional and definitive 
mid-gut epithelia is intimate. 

The precise mechanism of blastokinesis has been recently 
studied in great detail in certain insects and it has been established 
that the embryo undergoes blastokinesis by means of active 
movements of its own body. Tibelli (1931, a) has suggested a 
spatio-mechanical theory of the origin of blastokinesis. According 
to it, insect blastokinesis originated owing to the need of the 
embryo for more space for its developing side. 

Hagan’s (1931) classification of the various types of 
viviparity among insects is described. A further sub-(hvision 
of the type ‘pseudoplacento-viviparity’ is proposed. 

A classification of the insectan genital cells, based on the 
time of their first appearance in the embryo, has recently been 
suggested. 

It has been recently demonstrated that in Locusta no portion 
of either the labial or the prothoracic sternum takes part in the 
formation of the labial base and the posterior border of the sub- 
mentum represents the true anterior boundary of the prosternum. 

Recent embryological evidence strongly supports the theory 
of the origin of the thoracic pleura from the subcoxa. 

The claim of Tiegs and Mxjbbay (1938) that the corpora 
aUata in Calandra arise from the antennary mesoderm, instead of 
from the head ectoderm as in aU other insects, does not appear 
to be well founded and cannot be accepted without farther 
confirmation. 


1 Also in Pteronarcya by Milleb (1939), see Appendix, p. 106. 
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Some embryological problems which call for enquiry and 
whose study is likely to yield fruitful results, are briefly described. 

A complete and classifled bibliography of insect embryology 
is appended. 


V. BIBLIOGRAPHY. 

An attemj)t is made here to compile as complete a list as 
possible of the literature on insect embryology up to the end of 
the year 1937. Papers appearing during 1938 and the early 
part of 1939 have also been included, but this period cannot be 
said to be complete. Notwithstanding my best efforts, a few 
references might still have been overlooked, and I shall be grateful 
to readers if they will kindly send me information about these. 
The majority of the references have been examined mostly in 
the Balfour and University Libraries, Cambridge; in the libraries 
of the Kaiser Wilhelm-Institut fOr Biologie and the Deutsches 
Entomologisches Institut, Berlin-Dahlem; in the Stattsbibliothek, 
Berlin; and in the library of the Zoological Survey of India, 
Calcutta. Those that could not be so examined have been taken 
from other sources, and I take this opportunity of expressing 
my gratitude to the numerous friends and workers who have 
helped me either by sending reprints of their works or in other 
ways. 

To enhance its usefulness, this section is divided into two 
sub-sections as follows:— 

1, Alphabetical List. —^In this the author's name, the full 
title, etc., of the paper, and the journal in which it has appeared 
are given. 

2, Classified List. —In this only the author's name and 
year, as appearing in the alphabetical list, are given. This sub¬ 
section is further divided as follows: 

(а) Classified according to insect orders. 

(б) Oeneral. —^Under this are included those references 

which could not be easily classified under (a) above 
because they deal either with several insect orders, 
or with insects as a whole. 

(c) Experimental embryology. —^Under this are included 

those references which, while dealing mainly with 
the experimental side, also give observations on 
general embryology. They are also included under 
(a) above. It tmay be added that only the more 
important works have been included, and the list 
is by no means complete. 

(d) Bacterial symbiosis. —^Under this are included those 

references which, while dealing mainly with 
bacterial symbiosis in insect eggs, also give valuable 
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observations on insect embryology. They are also 
included under (a) above. 

(e) Other Arthropods, etc ,—^Under this are included a few 
references which, while dealing mainly with the 
embryology of Arthropods other than insects, deal, 
in addition, either with certain aspects of insect 
embryology, or are invaluable for the proper under¬ 
standing of the latter from the comparative point 
of view. 


1. ALPHABETICAL LIST. 

A 

Acqua, C. 1932(a).—Sulla possibilita di operare una scelta riguardo al 
sesBo in uova poste ad incubare di Bomhyx rnori L. (Summary 
in French, pp. 146-148.)— BoU. Staz. Sper, Oelaicolf., Aacoli 
Piceno, vol. XI, pp. 109-132. 

-1932(6).—Sullo diverse particolarit4 dello sviluppo deiruovo di 

Bombyx mori sotto rinduenza di agenti bi-voltiiiizzanti. 
(Summary in French, p. 150.)— Boll. Staz. Sp^r. Gelaicolt., 
Aacoli Piceno y vol. XI, pp. 142-143. 

Agassiz, L. 1851.—The classification of inserts from embryological 
data.— Smithaonian Confrib,, vol. II, pp. 1-28. (This paper is 
included because of its misleading title. It deals with insect 
metamorphosis, not embryology.) 

Auten, Maby. 1934.—^The early embryological development of Phromia 
regina: Diptora (CalliphoridsB).— Ann, Entom, Soc, Amcr., 
vol. XXVII, pp. 481-506. 

Ayers, H. 1884.—On the development of Oecanthua niveua and its 
parasite Tdecta. — Mem. Boaton Soc. Nat. Hiat.y vol. Ill, 
pp. 225-281. 


B 

Baden, V. 1936.—Embryology of the nervous system in the grasshopper, 
Melanoplua differentialia (Acridida?, Orthoptera).— Jour. 

Morph., wo\, LX, pp. 159-188. 

Baehr, W. B. von. 1907.—Uber die Zahl der Kiohtungskorper in 
parthenogenotisch sich entwickelnden Eiem von BaciUua roaaii 
Fabr.— Zool. Jahrb,, Abt. f. Anal. u. Ontog., vol. XXIV, 
pp. 175-192. 

Baer, K, E. von. 1828,—Ueber Entwicklungsgeschichtliche der Thiere. 
Beobachtungen und Refiektionen.—Konigsberg. 

-1863.—Berioht fiber emo neue von Prof. Wagner in Kasan an 

Dipteren beobaohtete abweiohende Propogations form.— Bull. 
Acad. Imp. St. Peterabourg, vol. VI, pp. 239-241. 

-1866.—^tJber Prof. Nic. Wagner’s Entdeckung von Larven, die 

sich fortpfianzen, Herm Ganin’s verwandte und ergeUizende 
Beobachtungen und uber die Paedogenesis ii^rhaupt. 
— BuU. Acad. Imp, St. Peterabourg, vol. IX, 64-137. 

Baker, A. C. 1921.—The practical significance of the embryo in aphid 
eggs.— Science, vol. LIV. 

BAiiBiANi, E. G. 1866.—Sur la reproduction et I’embryog^nie des 
Pucerons. (Three notes.)— Compt, Rend. Acad. Sci., vol. LXII, 
pp. 1231-1234; 1285-1289; 1390-1394. (Translated in Ann. 
Mag. Nat. Uiat., vol. XVIH, 1866, pp. 62-65; 65-69; 106-109.) 
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Balbiani, E a. lS71(fi)--Meiiioiro «ur la generation des Aphididea. 

IV). Ann. Sci. Nat., {Zool. PnUontot.), vol. XV, pp. 1-30. 
(Plates in vol. XIV of 1870.) 

1871(6).- Meinoire Rur la generation dt‘H Aphidides. (V). (Ill_ 

D6velo])poment de roc^nf pondu).— Ann. Svi. Nat. {Zool. 
Pal^ontoL), vol. XV. pp. 1-63. (Platt^a in vol. XIV of 1870.) 

1875.—Sur reinbryogome dt^ la Vuvv.-Compt. /tend. Acad. Sci., 
vol, LXXXl, pp. 901-904. 

- 1882. -Sur la signification dos cellules polaires des insectes._ 

Potnpt. Rend. Acad. Set., vol. XCV, pp. 927 929. 

- --1885.—Contribution k Tetude de la formation des orgones 

Rcxules chex les insectes .—Recue it Zool. Suinsc. vol II 
pp. 527-588. 

Balfoub, F. M. 1880.—a Treatise on Comparative Embryology,_ 

London. 

Barbois, L. 1879.—Developpement des Podurelles.— Afiftoc. Franc, p. 
Vavance d. Sci.. 7c sens. 

Bataillon, E. and TcHon-Sr. 1928. —Maturation, fecundation ot 
polyspoi-mie chez Toeuf de Bomh^x niori. —Compf. Rend. Acad. 
Sci.. vol. CLXXXVI. pp. 338 348. 

-1931.—Les trois types do mitoses <*haracteristique du premier 

developpement chi^z Toeiif de Bombyx mori feconde ou par- 
thenogen5sique.- Fompt. Rend. Acad. Sci., vol. CXCIII 
pp. 415-417. 

-1933.—Les processes cineticpie dans I’oeuf de Hombyx mori. 

(Fecundation normalc; parthonogtmese; activation poiyvoltini- 
sonte; dissociation cxperimentale des rythnies).— Arch. d'Anat. 
Micr., v<'l. XXIX, pp. 285-372. 

Beeb, S. 1932. Lo sviluppo delle ghiandolo geitali nell’embrione e nella 
larva del filugt'llo. I. L’Embriono.— Boll. Lab. Zool. Bachicol. 
Milano, vol. TIL pp. 79 149. 

Beblese, a. 1898.—Fenomoni cho ai'coinjiagnano la feeondazione in 
taluni msetti. Mernoria 1.— Rk\ f^atol. Vet/., vol. VI, pp. 352- 
368. (Summary in Zool. Centrals , 1899, j>p. 292-296.) 

- 1899. —Fc'iiomi'iii che accompagnano la feeondazione in taluni 

insetti. Mi’inona II. ~Riv. Fatol. Veg,, vol. VII, pp. 1~18. 

- 1909. Cli Insetti. Vol. I. Embriologia e Morfologia. —Milano. 

-1913.—Intorno alle metamorfosi iiegli insetti.' Redia, vol. IX, 

pp. 121 138. 

Bledowski, 11. und Krainska, M. K. 1926.- Die Rntwicklung von 
Ranch usfenioralis Thoms. (Hymeuoptera, 1 chneumonidap).— 
Bibliotheca Ihiivernitalic Libcrce Poloncp, Fasc. XVl, pp. 1-50. 

Blochmann, F. 1884.—Ueber eine Metamorphose dor Kerne in den 
OvarialiMorn und ueber den Begum dor Blofitodormbildung 
bci den Ameisen.— Verhandl. nalurhiftt. med. Vereina zu 
Heidelberg, vol. Ill, Pf)- 243-247. 

-1886.—Ueber die Heifung der Eier bei Amoisi'ii und Wospen.— 

FestaeJn. naturhint. med. Vereins zu Heidelberg, pp. 143-172. 

-1887(o). —U(*ber das regehnassige Vorkoramen von bakterien- 

ahuhehen Gebilden in don Geweben und den Eiern vorschiedener 
Insekten.— Zeit. f Biol., vol. XXIV, pp. 1-15. 

- -1887(6). -Ueber die Richtungskorper bei Insektenoiem.— Biol. 

Centralb., vol, VII, pp. 108-111. (Summary in Jour. Roy. 
Micr. Soc. Lond., 1887*p. 576.) 

___1887(c). -Ueber die Richtungskorper bei Insoktieneiem.— Morph. 

Jahrb., vol. XII, pp. 544 574. (Summary in Jour. Roy. 
Micr. Soc. Lond., 1887, p. 743.) 

_1889. -Ueber die Zahl dor Richtungskorper bei bofruchteton 

und unbefnichteten Bienoneiern .—Morphs Jahrb., vol. XV, 
pp. 85-96. (Summary in Jour. Roy. Micr. Soc. Lond., 1889, 
p. 634.) 



66 


MITHAN LAL BOONWAL 


[voL. nr, 


Bloohmann, F. 1892.—Ueber das Vorkommen von bakterien&hnliohen 
Gebilden in den Geweben imd den Eiem verschiedener 
Insekten.— Centralh, Baku u. Parasit,, vol. XI, pp. 234-240. 

Blunck, H. 1914.—Die Entwicklung des Dytiacua marginalia L. vom 
Ei bis zum Imago. I Teil. Das Embryonalleben.— Zeit, /. 
wiaa. Zool., vol. CXI, pp. 76-151. 

Bobbetzky, N. 1878(a).—"Dber die Bildung des Blastoderms luid der 
Keimblftttor bei den Insekten.— Zeit.f. wiaa. ZooL, vol. XXXI, 
pp. 195-215. 

-1878(5).—On the question of the development of blastoderm in 

insects. (In Russian.)—Afem. Kiev, Natnr. /S'oc., vol. V, 

pp. 1-18. 

Bbaem, F. 1895.—Was ist ein Keimblatt ?— Biol. Centralh.. vol. XV, 
pp. 427 44.3; 466-476; 491-506. 

Branut. a . 1869.—Beitrfage zur Entwickhmgsgeschichte der Libelluliden 

und Hemipteren mit besonderer Berueksichtigung der 
Embryonalhullo dersolbcn.— Mem. Acad. St. Feter^ourg, 
vol. XIII, pp. 1-33. 

- 1878.—^tJbor das Ei und seine Bildungsstktte.—Leipzig. 

-1880(a).—Commentare zur Keimblaschentheorie des Eies. I. 

Die Blastodermelemeiite und Dotterballon der Insekten.— 
Arch.f. milcr. Anat., vol. XVII, pp 43-57. 

-—1880(5).—Commentare zur Keimblaschentheorie des Eies. II. 

Das Koimblftschon als primare Zelle. l3ie amoboide 
Beweglichkeit des Keitnblasehens imd Zellkems, besonders in 
ihren Beziehimg zur Einfurchung, Bofnichtung imd 
Kerntheilung.— Arch.f. mikr. Anat., vol. XVII, pp. 551-574. 

Brass, A. 1883.--Das Ovarium imd die ersten Entwicklungsstadien bei 
viviparou Aphiden. Zeit.f. Naturwisa.. vol. LV, pp. 339-375. 

(1 ) Brauer, a . 1894.—Beitrkge zur Kenntuis der Entwicklimgsgeschichte 

der Skorpions. I.— Zeit.f. wiaa, Zool.. vol. LVIT, pp. 402-432. 

- 1895.—Boitrage zur Kenntnis der Entwickhmgsgeschichte der 

Skorpions. II.— Zeit.f. wiaa. Zool.y vol. LIX, pp. 351-435. 

(2) Brauer, A. 1925(a).—Studies on embryology of Bruchua quadri- 

maculatua Fabr.— Ann. Entom. Soc. Amer.. vol. XVIII, 
pp. 283-312. 

- 1925(5).—Further notes on the oviposition of Bruchua and the 

orientation of the embryo in the egg during development.— 
Proc. Oklahoma Acad, Sd.. vol. V, pp. 74- 76. 

Brauer, A. and Taylor, A. C. 1936.—Experiments to determine the 
time' and method of organization in Bruehid (Coleoptera) 
eggs.— Jour. Exper. Zool.. vol. LXXIII, pp. 127-151. 

Brauer, F. 1854.—Beobachtungen iiber die Entwieklungsgeschichto dor 
Chionea araneoidea (von J. Egger und G. Frauenfeld) nebst 
Anatomio des Insektes und der Larvtr.— Verhandl. zool.-hot. 
Verein. Wien.y vol. IV. 

Breest, F. 1914.—Zur Kenntnis der Symbionteniibertragung bei 
viviparen Cocciden und bei Psylliden.— Arch. f. Protiatenkd., 
vol. XXXIV, pp. 263-276. 

Bruce, A. T. 1887.—Observations on the embryology of insects and 
arachnids. (A memorial volume.)—Baltimore. 

Brues, C. T. 1903.- A contribution to our knowledge of the Stylopidae.— 
Zool. Jahrb.. Abt.f. Anat. u. Ontog.. vol. XVlIl, pp. 241-270. 

Buchner, P. 1911.—"Dber intrazellular Symbionten bei zuckersaugendfen 
Insekten und ihre Vererbimg.— Sitzungaber. Oeaell. Morph, u. 
Phyaiol. Munchen. vol. XXVII, pp. 89-96. 

-1918.—Studien an intraceliularen Symbionten. II. Die 

Symbionten von A levrodea. ihr "Obertragung in* das Ei und 
ihr Verhalton bei den Embryonalentwickhmg.— Arch. f. 
Protiatenkd.y vol. XXXIX, pp. 34-61. 



1938] RECENT ADVANCES IN INSECT EMBRYOLOGY 


67 


Buchneb, P. 1930.—Tier und Pflanze in Symbiosf>. (Zweiter AuRage.)— 
Berlin. 

Buonion, E. 1921.—‘Insecta’.— Lang-Heachler's Handhuch der Morpho¬ 
logic^ vol. rV, pp. 659-670. Jona. 

Bubmbister, H. 1932.—Handbuch der Entomologie—Berlin. (English 
transL, London, 1836, pp. 337-342.) 

Bushneli., R. J. 1936.—^The development and metamorphosis of the 
mid-intestinal epithelium of Acanthoacelidec obtectus (Say) 
(Coleoptera).— Jour. Morph., vol. JjX, pp. 221-241. 

Butschli, O. 1870.—Zur Entwicklungsgesohiehte der Biene.— Zeit. f. 
wias. Zool., vol. XX, pp. 619-564. 

— — -1888.—Bemerkungon u^r die Entwicklungsgoschichte von 
Muscii. — Morr)h. Jahrb., vol. XIV, pp. 170-174. 

Butt, F. M. 1934(rt).—The origin of the peritrophic membrane in Sciara 
and the honey-bee.— Psyche, vol. XLI, pp. 51-66. 

-1934(6).—Embryology of Sciara (Sciarida?: Diptera).— Ann. 

Entom. Soc. Amer., vol. XXVIl, pp. 565-679. 

- 1936.—^The early embryological development of the partheno- 

genetic Alfaalfa Snout Beetle, Brachyrhinus liguslici, L.— Ann. 
Entom. Soc. Amer., vol. XXIX, pp. 1-13. 


G 

Canto, P. 1896.—Sobra la embryologia del Margarodes vitium.---Act. 
Soc. Sci. Chili, Saniioijo, vol. VI. 

Cappe ue Baillon, P. 1920.—Contributions anatomique et physiologique 
k Tetudo de la reproduction chez les Locustions et les Grylliens. 
(1) La ponte et I’eclosion ctiez les Locustions.— La Cellule 

vol. XXXI, pp. 1-246. , I 

__ .1925._Sur I’embryog^ndse dos monstres double chez les Pnas 

midea {Carausius morosus). — Compt. Rend. Acad. Sci , vol 
CLXXXI, pp. 479 481. ^ . 

Cappe de Baillon, P. and Piluault, R 1937.—Embryog4me terato 
logique chez les Phasmes. {C'^mopsis gallica Charp.) Ann 
Sci. Nat. (Zool.), vol. XX, pp. 169-188. 

Cabu, F. 1903._Sur un organe embryonnaire (jhez un Lollembole. 

Arch. Sci. Phys. Nat. Qen^ve,vo\.'^\. 

Cabriere, J. 1890(a).—Zur Embryonalentwicklung der Mauerbiene 
{Chalicodoma muraria Fabr.) im Ei.—Zool. Anz., vol. 2Ll.ll, 

_ Igy&M.^Die Entwi<*klung der Mauerbiene {ChaUcodoma rg/urcwia 

Fabr.) im Ei.—Arc//./, mikr. Anat., vol. XXXV, pp. 141-165. 

__ _i 89 i.. -AJie Driisen am ersten Hinterloibsring bei Insektenembryo- 

nen.—BioJ. Centralh., vol. XI, pp. 110-127. 
rATmiABE J und Burger. O. 1897 .—Die Entwicklungsgescluchte der 
* Mauerbiene {(^halicodonia muraria Fabr.) im Ei.—Xow Acta 
Acad. Leop. Carol., vol. LXIX, pp. 256-420. 

Child, G. P. and Howi.and, R. B. 1933.--Ob8ervation8 on the early 
developmental processes in the hving egg of Drosophila.--- 

CHOioDKOx^KtTNr die 

vol. XLVlII.pp. 39-100. 

_ 1890(a)._^Zur Embryologie von BlaUa germanwa. — Zool. Anz., 

1890 ( 6 i^^ur*&mb^ologie der Hauasohabe (BUUta get^niM).— 

-vol. £ p. 426 (Bead befo» ^ Oongr. 

Russ Naturalists and Doctors, St. Petersbourg, 18W.) 

_ 18 W(o).-Uebor die Bntwioklung dee oentralen Nei^nayatems 

bei Blatta germanica. — Zool. Am., vol. XIV, pp> 116-116. 




MITHAN LAL ROONWAL 


70 


[VOL. IV, 


Febnando, W. 1934.—^The early embryology of a viviparous Psocid.— 
Quart. Jour. Micr. Sci., vol. LXXVII, pp. 99-119. 

Fijalkowska, J. 1928.—Le dAveloppement embryonnaire de Margarodes 
polonicue Ckll.— Compt. Rend. Soc. Biol., Paris, vol. XCIX, pp. 
1047-1048. 

Foa, Anna. 1919(a).—Confronte tra i primi stadi evolutivi del baco de 
seta nelle uova a schiusura normale e in quelle a schiusura 
estemporanea per azione deirelettricita.— Boll. Lab. Portid, 
vol. XTII, pp. 57-69. 

-1919(6).—Osaervazioni auUo sviluppo del baco de seta fino alia 

formazione della stria germinativa.— Boll. Lab. Portid, vol. 
XIII, pp. 317-358. 

Folsom, H. 1900.—^Tho development of the moutl^-parts of Anwrida 
maritima Gu4r.— Bull. Museum Com par. ZooL, vol. XXXVI, 
pp. 87-157, 

Friederiohs, K. 1906.—Untersuchungen iibor die Entstehung der 
Keimblattor und Bildung des Mitteldarms bei K&fom.— Nova 
Acta Acad. Leap. Carol., vol. LXXXV, pp. 264-379. 

Friedmann, Nora. 1934.—Ein Beitrag Zur Kenntnis der ombryonalen 
Entwicklung dor Abdominalfusse bei den Schmetterlingsraupen. 
— ('oniment. liiol. Soc. Sci., Fenuica, vol. IV, pp. 1-29. 

Fx^linski, B. 1910.—Ein Beitrag zur Embryonalentwieklung der 
Aqelastica alni L.— Krakdw Bull. Internat. Acad., (B), pp. 12-16. 

— 1911.—Przye/ynek do ombryolcgii chrzaazcza Agelasfica alni 

L. Ksieqa Pam. ku czci Prof. ./. Nushaumn. Contribution 
to the embryology of Agelastica alni L.— Memorial vol. for 
Prof. J. Nushaum, Lwow, pp. 197-211.) 


G 

Gabbitschevsky, E. 1928.—Seneseeiiee embryonnaire, rajeuuiBBemont 
f‘t diterminisme des formes larvaires de Minstor metraloaa 
(Oeidomyida*, Diptera).— Bull. Biol. Franc, et Belgiq., vol. 
LXII, pp. 478-524. 

Gadzikiewtcz, W. 1905.—Zur Phylogenio des Blutgefftssaystems bei 
Arthropoden. —ZooZ. Anz., vol. XXIX, pp. 36-40. 

Gambrell, F. L. (Lydia A. Jahn.) 1933.—The embryology of the Black 
Fly, Simulium pictipes Hagen.- Anri. Enlom. Soc. Amer., 
vol. XXVI, pp. 641-671. 

Ganin, M. 1869(a).-—tleber die Emliryonalhullen dor Hymenopteren- 
und Lt'pidopterenembryonen.— Mem. Acad. Imp. Sci. St, 
Petershourq, vol. XIV, pp. 1-18. 

*- 1869(6).—Beitr&ge zur Erkenntnis dor Entwicklungsgeschichte 

bei den Tnsekten.— Zeit. f. wias. Zool., vol. XIX, pp. 381-451. 

--1874(a).—^tJber den Mitteldarm der Insekteii.— Jzwiestia 

Warszawsk. Universyt. (Jour. Warsaw Vniv.) 

- 1874(6).—tJber die Darmdriisenblatt der Arthropoden.— Izwiestia 

Warszawsk. Universyt. (Jour. Warsaw CJniv.) 

Gatenby, j. B. 1917.—The embryologieal development of Tricliogramma 
evanascens Westw., monoembryonic egg parasite of Donacia 
simplex Fab.— Quart. Jour. Micr. Sci., vol. LXII, pp. 149-187. 

— - —1918(a).—The segregation of the germ cells in Trichogramma 
evanescens. — Quart. Jour. Micr. Sci., vol. LXIII, pp. 161-174. 

-1918(6).—Polyembryony in parasitic Hymenoptera : a review.— 

Quart. Jour. Micr. Sci., vol. LXIII, pp. 175-196. 

-1920.—The cytoplasmic inclusions of the germ-cells. Part VT. 

On the origin and probable constitution of the germ-cell 
determinants of Apanteles glomercdus, with a note on secondiiry 
nuclei.— Quart. Jour. Micr. Sci., vol. LXIV, pp. 133-153. 



1938] RECENT ADVANCES IN INSECT EMBRYOLOGY 


71 


'Gejiqy, R. ^1931. Action de I’ultra violet siir le pole germinal dans 
1 oeuf de Drosophila melanogaater. (Cantration et mutability.)— 
Rev. Suisse Zool., vol. XXXVIII. pp. 187-288. 

GiAJiD, A. 1898.—Sur lo d^veloppement de Litotnastix trunoateUus, 
Dalin. (Hym6n. Chalcid.)—BwW. Soc. Entom. Franc., pp. 127- 
128. 

Giabdina, a. 1897.—Primi atadi embryoiiali Mantis religiom.—Monitore 
Zool. Ital., vol. VIII, pp. 275-280. 

-GiiiiiARDi, II. 1934.—La mue embryonnaire des homipteres hsemato- 
phagOB.—C^ow^p^ Retui. Soc. BioL Paris, vol. CXV, pp. 823-824. 

-Glen, E. H. 1919.—A revision of certain points in the early development 
of Peripatus capcnsis. — Quart. Jour. Micr. Sci., vol. LXIII, 
pp. 283-292. 

'Goodrich, K. S. 1895.—Gn the coelom, genital ducts and nephridia.— 
Quart. Jour. Micr. Sci., vol. XXXVII, pp. 477-510. 

1897.—On the relation of the Arthropod head to the Annelid 
prostomiiun. -Quart. Jour. Micr. Sci., vol. XL. pp. 247-268. 

Graber, V. 1877—1879.—^Dio Insekton. 2 Teil. Vergleichende Lebeiis- 
UTid KntwickhmgHgoschichtt> der Insekton. —Die Naturkrdfte, 
Miinchen. 

- 1878.-—Vorlaufige Ergebnisse einer grossoron Arbeit iiber vor- 

gleichoiide Einbryologie der Insekton.— Arch. f. mikr. Anat., 
vol. XV, pp. 630 640. 

1879.—^tJber Amoboid-epitheliuin.— Zool. Anz., vol. II, pp. 227- 
280. 

- 1888(r/).—Vergloiclieiide Studien I’lber die Keimhullen und 

Kuckenbildimg der Insekton. —Dcukschr. Acad. Wiss. Wien., 
vol. LV, pp. 109-162. 

—-1888(5). Gbor die Polypodie der Insekioneinbryonen.— Morph. 

Jahrb., vol. XIll, pp. 586-613. 

--1888(c).—0ber die f)rimare Sogmentierurig des Keimstroifens 

der Insekton.— Morph. .Johrb., '^ol. XIV, pp. 345-386. 

-1889(o).—0ber die embryonale ILnterleibr.anhango der Insekten 

und ihre Bedeutmig fiir die Erkonntnis dcM* Vorfahren dieser 
Thiere. - Zeif. f. Nafur, Halle, Nr. 42. 

-1889(5).—Vcrgleicbonde Studien liber die Embryologie der 

Insekten und in besondere der MuscidtMi.— Denkschr, Acad, 
Wiss. Wien., vol. LVT, pp. 257-314. 

— --1889(c).—Cbi'r <len Ban und die pbylogenetische Bodoiitung der 

embryoualon Bauehanbftngt) tier Insekten.— Biol. Gentralb,, 
vol. IX, pp. 355-363. 

-^-1890(a). —^Vergleichende Studien am Keimstreifon dor Insekten.— 

Denkschr. Acad. Wiss. Wien., vol. LVII, pp. 622-734. 

-1890(5). -Bemerkungon zu Dr. K. Heidors Abhandlung iiber die 

Embryoiialentwicklung von Uydrophilus piceus, L.— ZooU 
Anz., vol. XII, pp. 287-289. 

_1891(a).—Boitrage zur vergloichendon Embryologie der Insekton. 

— Denkschr. Acad. Wiss. Wien., vol. LVIII, pp. 803-866. 

_1891(5).—"Dber die embryonale Anlage ties Blut- und 

Fettgewtsbes der Insekten.— Biol. Gentralb., vol. XI, pp. 212- 
224. 

_-1891(c).—Bernorkungen zur J. Carriers Aufstaz ‘Die Driisen am 

ersten HintorloibsHng der Insektenembryonen’.— Biol, 

Gentralb., vol. XI, pp. 225-229. 

_]891(ti).—Zur Erwiederung Dr. K. Heidors auf raeine Berner* 

kungen zu dessen Embryologie von Uydrophilus. — Zool. Anz., 
vol. XIV, pp. 8—9. 

_1891(c).—^Zur Embryologie der Insekten {Meloe, Uydrophilus 

und Oryllotcdpa).-‘Zool. Am., vol. XIV, pp. 286-291. 



72 


MITHAN LAL BOONWAL 


[VOL. IV, 


Gbabeb. V. 1891(/).—"Dber die morphologische Bedeutung der ventralen 
Abdominalanhftnge der Insektenembryonen.— Morph. Jahrh., 
vol. XVII. pp. 466-482. 

Gbandobi, R. 1911.—Contributo alia embriologia e biologia dell’ 
ApanteUa glomeraiua (L.) Reuib.. immonotero parasita del 
bruoo di Pieris brasaicae, L.— Bedia, vol. VII, pp. 363-428. 

-1913.—Studi Rullo Bviluppo embryonale del Bomhyx mori. Nota 

preliminare.— AUi Accad. Veneto-Trentino-Istriana., vol. VI, 
226-231. 

-1916(flf).—Lo sviluppo embryonale del baeo de seta. Memoria 

I. Le prime 42 ore dalla deposiziono dell’uovo. —Atfi Accad. 
Veneto-Trentirfo-JstHana, vol. VII, pp. 188-191. (Also in 
Ann. B. Staz. Bacicol. Padova^ vol. XLI.) 

-- —1916(6).—Giaoitura dell’embrione del baco de seta nell’uovo 

di avanzata incubaziono.— Atti B. Innh't. Veneto Bci.f Lett, e 
Arti, vol. LXXIV, pp. 1235-1245. 

-— 1916.-—^Anomalie noirembriogenosi del Bonihyx mori.—Atti B. 

Inatit. Veneto Sci., Lett, c Artif vol. LXXV. 

-1919(a).—La segmontazione doll’uovo feeondato di Bomhyx mori 

sottoposto a svemamento artiticial snbito dopo la deposizione. 
— Ann. B. Staz. Bacicol. Padova^ vol. XLJII. 

— 1919(6).—Intomo ad alcune questioni embnologicho sul baco 

<lo seta reeentoineiite discusse.— Ann. B. Staz. Bacicol. Padova, 
vol. XLTIT. 

1920.—^Differenze inorfologicho iieirovooitc e iteiruovo di 
Bomhyjr mori sano e malato flaecidezzn.— Btdia. vol. XIV, 
pp. 6-42. 

- 1924(a).^—La symbiohi eroditaiia rud Bombijx mori. Nota 

pndiTioTiare. - Ann. B. Staz. Bacicol. Padova, vol. XJ^dV. 

- - 1924(6).—SegmentaziojH* anomala dollo nova partenogeiiicbo di 

Bomhyx mori. Bolt. Juaiit. Zooh Ihnv. Boma, vol. 11, pp. 128- 
138. 

— — 1925(a).— Studi sulla blastocdiiesi degruisotti.— Bend R. Accad. 

Lwcei. vol. 11, ser. 6, pp. 449 456. 

— - 1926(6).— Studi sulla blastocinesi degriiisetti. —Atti Accad. 

Gioenia Sci. Nat. ('atania. vol. XVITl. 

- 1929(o).^—MjcTOorganisini sunbiotici uoH’uovo di Pieris hraasicae 

L.— Bend. R. Accad. Lined, vol. IX, pp. 433 436. 

— ,1929(6).— Studi ('lubriologiei sulle lazze polivoltirie del Bombice 

del Gelao.— Bend. B. Accad. Lined, vol. IX. 

-1929(r).—Lo sviluppo embrionalc del baco da seta. Mi'moria 11. 

La diapausa.^— Queato Boll., vol. 1. 

- 1930.—La blastocinesi nel filugello.-— VInduatria Biologica, 

Milan, vol. IV, pp. 2-5. 

-1932(a).—^T jo sviluppo embrionalc del baco de seta. Memoria 

III. Sviluppo primaverile fiiio alia blastocinesi.— Boll. Lab. 
Zool. Agraria e Bachieol, B. Inat. Sup. Agric. Milano, vol. Ill, 

pp. 1-88. 

--1932(6).—Nuove osservazioni sulle uova del filugello cho falliscono 

alio schiudimento.— Boll. Lah. Zool. Agraria e Bachieol. R. 
Inat. Sup. Agrie. Milano, vol. Ill, pp. ^56-167. 

Gbassi. B. 1884(a).—Studi sugli Arthropod!. Intomo alio sviluppo delle 
api nell’uovo.— Atti. Accad. Oioenia Sci. Nat. Catania, vol. 
XVIII, pp. 154-222. 

- 1884(6).—^Brove noto intomo alio sviluppo degli Japyx. I. 

Progenitori degli insetti e dei miriapodi.— Atti. Accad. Gioenia 
Sci. Nat. Catania, vol. XVIIl. 

-1886.—Sur le d4veloppement de I’abeille dans I’oeuf.— Arch. 

Ital. Biol., vol. VII, pp. 242-273. 

-1889.—^Les anc6tres des myriapodes et des insectes.— Arch. 

Ital. Biol., vol. XI, pp. 1. 291, and 389, etc. 



1938 ] RECENT ADVANCES IN INSECT EMBRVOLOIJV 


73 


Grimm, O. 1870(a).—Embryologie du Phthrim pubitt. — Bull, Acad, Imp. 
Sci. St. Pelersbourfft vol. XIV, pp. 513-.5J8. 

-1870(6).—Dio ungeschlechtlicho Fortpflanzung oiiior Vhironomus- 

Art urid der»:>ii Entwicklung aiis dom imbefruehtoten Ei.— 
Mem. Acad, Imp, Sci. St, Peterubmtrg^ vol. XV^ No. 8, pp. 1--24. 


H 


Haase, E. 1889(a). —Die Abtlomiiialanhkiige der Iiisoktoii mit 
BoruckHiehtiguiig dor Myriapodon.— Morph. Jahrb., vol. XV, 
pp. .‘131-4.35. 

— -1889(6).—Abdoiiiiiialaiiharige bei Hcxapodon.— Sitzuugaber, 

GpwU. tmturf. Frmndf y Berlin^ pp. 

Haeckel, E. 1874. -Dii^ Gastratia-theone, dio phylogeiiotische Klassi- 
ficatiou des TiorreichcH iind die Homologio (lor KeimblAtter.— 
Jena, Zeit.f. Naurwiaa., vol. VIII, pp. 1-55. 

-- 1877.—Studieii zur GaBtraatheorio.—.lena. 

Hagan, H. K. 1917. -Obnc'rv’^atioiiB on the embryonic development of 
the Maiitid Paratenodera mnensis.- -.Jour. Morph., vol. XXX, 
pp. 223 23 7. 

- -1931 —Embry(»geny of the polyoteiikl, IJcfiperocteneH fumarius, 

Westwood, with refc*rom*o to viviparity in insects.— Jour. 
Morph., vol. LI, pp. 1-117. 

Hallez, P. 1885. -Orientation do IVmbryon cl formation du cocon choz 
la Penplatteta orivnlalis. — Compt. Bend. Acad. Sci., vol. Cl, pp. 
444>44(). 

- - 1880.— Sur la lui de I’oik ntation de I'l'inbryon chez les insectes. — 

(\)mpt. Bend. Acad. Sci., vol. (‘111. pp. OdO 0()S. 

_ 1887. Law ol orientation of th«‘ embryo m msccth.— Jour. Boy, 

Mict. Soc. Loud., p. 72. 

Hammerschmtdt, J. 1910. Jkitrngezur Enlw icklung diT Phasinatideii. 

— Zdt.j. ivms. Zool., vol. XC‘V, pp. 221-242. 

Hansen, 11. 3. 1894. On th( struct lire and habits of Hemimerua talpoides, 

\\n\kov.-Bu/om. Tidali r., vol XV. pp. 65 93. 

Hasper, M. 1911.—Zur Eiitwickluug di'r Geschlechtsorganc^ bei Chirouo- 
uiua. Zool. Juhtb., Abt. f. Afiat. u. Outog.f vol, XXXI, 


})p. 543 612. 

Hatschek, lb 1877. dleitragi* zur Eiitwdcklungsgesehichti^ dor Lopi- 
doptcreii.— Jena, Zeit. f. Naturwiaa., vol. XI, pp. 115-145. 

Kii’r^HT () 1924 —Einbryonal(*ntwicklung und Syrnbiosi' bei (\imponotti8 

' ' iiynip.rda.--Zcit.J. wiaa. Zool., vol. CXXH, pp. 173-204. 

Hegner, R. W. 1908.—Tlic efft'ct of removing the germ-cell determmaiit 
from the eggH of soim* Clirysomidid bid ties.— Biol, Bull., 
vol. XVI, pp. 19-26. 

_1909(a).—The effects of centrifugal force? on the eggs of some 

Chrysomelid bettles.— Jour. Kxper. Zool., vol. VI, pp. 507-652. 

_1909(6).—^The origin and €*arly history of the germ-I'olls of some 

Chrysomelid bettl(*s.— Jour. Morph., yo\. XX, pp. 231-296. 

_ -1910._Experiments with Chrysomelid bettles. —Biol. Bull., 

vol. XIX, pp. 18-30. 

___1911(a)_Germ-cell det(*rminauts of the eggs of Chrysomehd 

' iTettles.-^SWcacf', vol. XXXIII, pp. 71 72. 

_—1911(6) —Experiments with Chrysomehd liettles. III. The 

‘ effect of kiUing parts of the eggs of LcpIinOtaraa decertUiueata.— 
BiaZ. Bw/7., vol. XX,‘pp. 237-251. . . . . 

_ 1911 (c).—Germ-cell determinants and their significance.— Amer. 

Nat., vol. XLV, pp. 385-397. 

_-lOl^?_The history of the germ-cells in the pwdogenetic larva ot 

Miaator. --Science, vol. XXXVI, pp. 124-126. 

_ 1914 (a).—The Gerin-cell Cycle iii Animals. Pp.1-346.-—New 

York. 



'74 


MITHAN LAL BOONWAL 


[VOL. IV, 


Hboner. R. W. 1914(6).—Studies in germ-cells. I. The history of the 
germ-cells in insects with special reference to the Keimbahn- 
determinants. II. The origin and significance of the 
Keimbahn-determinants in animals.— Jour, Morph,, vol. 

XXV, pp. 366-609. 

- 1914(c).—Studies in germ-cells. III. The origin of the 

Keimbahn-determinants in a parasitic Hymenopteran, Copido^ 
soma. — Anat. Anz., vol. XLVI, pp. 61-69, 

-— 1916.—Studies in germ-cells. IV. Protoplasmic differentiation 

in the oocyte of certain Hymenoptera.— Jour. Morph., vol. 

XXVI. pp. 496-661. 

-1917.—The genesis of the organization of the insect egg. I. 

The complexity of organization of the insect egg.— Amer, Nat,, 
vol. LI, pp. 641-661. 

Heider, K. 1886.—tJber die Anlage der Keimbl&tter von HydrophUus 
piceus L.— Ahhandl. d. kaiserl. preuss. Akad. Wias. Berlin, 
pp. 1-47. 

- 1889.—Die Embryonalentwicklung von HydrophUus piceus, 

L. Pp. 1-98.—Jena. 

1890.—Erwiederung auf die Bemerkungen v. Grabers zu meiner 
Abhandlung uber dio Embryonalentwicklung von HydrophUus 
piceus, L.— Zool. Anz., vol. XIII, pp. 428-430. 

- 1897.—Ist die Keimblatterlehro erschuttert ?— Zool. Oentralb,, 

vol. IV, pp. 72/5-737. 

1928.—Entwieklimgsgosehichte und Morphologie der Wirbello- 
sen.—Leipzig. 

Henkino, H. 1888(a).—Ueber dio Bildung von Richtungskorpor in den 
Eieni der Insekten und deren Schicksal.— Nachr. Oesell. 
IVws. Qottivgcn. pp. 444-449. 

-1888(6).—Ueber die ersten Entwicklungsvorgtlngo im Fliegenei 
und freie Kombildung.— Zeit. f. wiss. Zoo}., vol. XLVI, 
pp. 289-336. 

1890. —Untersuchungen uber die erste EntwicklungsvorgAnge 
m der Eiom der Insekten. I. Das Ei von Pier is brassicae, 
L. ncbst Bemerkungen uber Sameii und Samenbildung.— 
Zeit.f, wiss. Zool., vol. XLIX, pp. 603-564. 

— — 1891(a).—Untersuchungen uber die erste Entwicklungsvorgange 

in der Eiem dor Insekten. II. Ueber Spormatogonese und 
deren Beziehung zur Entwicklung bei Pyrrhocoris apierus. — 
Zeit.f. wiss. ZoU., vol. LI, pp. 685-736. 

,-1891(6).—Methoden bei entwicklungsgeschichtlichon Untersu¬ 

chungen an Insekteneiern.— Zeit. f. wiss. Mikros., vol. VIII, 
pp. 156-167. 

-—1892.—Untersuchungen fiber dio erste Entwicklungsvorgange 

in der Eiem der Insekten. III. Spezielles und AUgeineines.— 
Zeit. f. wiss. Zool., vol. LIV, pp. 1-274. 

HENNEorv, L. F. 1891.—Contribution h Tembryog^nie des Chalcidiens. 

(Note pr^liminaire.)— BuU. Soc. Philom., Seme Ser., vol. Ill, 
pp. 164-167. 

- 1892.—Contribution k Tembryog^nio des Chalcidiens.— Compt, 

Bend. Acad. Set., vol. CXIV, pp. 13.3-136. (English transla¬ 
tion in Ann. May. Nat. Hist., vol. X (6th Ser.), 1892, pp. 271- 
272. Summary in Jour, Boy. Micr. Soc. bond., 1892, p. 357.) 

-1904.—Les Insectes.—^Paris. 

Henriksbn, K. 1928.—Contribution to the interpretation of the cephalic 
segments of Arthropoda.— Proc. and Trans. Fourth Internal, 
Congr. Enfom. (Ithaca, 1928), pp. 689-594. 

Hekson, H. 1932.—The development of the alimentary canal in Pieris 
brassicae and the endodermal origin of the Malphigian tubules 
of insects.— Quart. Jour, Micr, Sci., vol. LXXV, pp. 28.3-306. 



1938 ] RECENT ADVANCES IN INSECT EMBRYOLOGY 


76 


Hbbold, ^Untersuchungen iiber die Bildungsgesohiobte der 

wirbolloTOn Tiere im Ei. III. 1. Die Feurwanze.—Berlin. 

Hbhtwig, O. 1906. (Herausgegeben von.)—Handbuch der Entwiok- 
lungageschichte.—,Tena. 

Hertwig, O. und Hertwig, R. 1881 .-^Die C6lomthoorie. Versuoh 
einer ErklAning des mittleren Keimblattea.—Jena. 

Hertwig, R, 1881.—Anlago der Keimbl&ttor bei den Insekten.— Jena* 
Zeit.f. Naturwiss., vol. XIV, pp. 124-128. 

Hess, W. N. 1921.—The origin and development of the light organs of 
Photuruspennaylvamca.—^our. Morph.* vol. XXXVI, pp. 246- 
278. 

HeymcJns, R. 1890.-—t)ber die hermophroditische Anlage der Sexual* 
driisen beim MAmichen von Phyllodromia (Blattn) gennanioa 
— ^ool. A nr.., vol. XIIT, pp. 451-457. (Summary in Jour* 
Roy. Micr. Soc. Lond., 1890, p. 714.) 

-1891(a).—Die Entwieklmig der weiblichen Gk)BchlechtBorgane von 

Phyllodromia {Blatta) germanica. — Zeit. /. vms. Zool*. vol. LIU, 
pp. 434-536. 

-1891(5).—Die Entstohmig der GresehleehtBdniHon von Phyllo- 

drofnia {Blafta) germanica L. (Inaugural Dissertation.)— 
Ik-rlin. 

- — — 1892.—Die Entwieklung der (^olomsaeke von Phyllodromia 
{Blatta) germanica.—Verhand. dcntach. zool. Qesell.* pp. 139- 
141. 

-- 1893(a). -Cber die Entwieklung des Ohrwurms {Forficula 

auricularia L).— SitzungMber. Gesell. naturf. Freund. Berlin, 
pp. 127-131. 

— 1893(5).—^Ubor die Entwieklung der OoHehlechtszelJen bei tlon 
Tnsekteii.— Sitzungtiber. Gesell. naturf. Freund. Berlin, 
pp. 263-269. 

- 1894(o).—Cl.ersieht uber die neuren ErgebniHse auf den Gebiete 

der Insektenembryologie. —^oo/. Centralb., vol. 1, pp. 41-60; 
81-92. 

— - 1894(5).—0ber die Bildung vler ! mbliitter bei den Insekton.— 

Sitzungsber. kaiserl. preuss. Akad. Wiss. Berlin, vol. I, 
pp. 23-27. 

-1895(a).—Die Embryonalentwieklung von Dermaptoren und 

Orthoptoren, untor bosoudertir Beruekaiehtigimg <ier Koirn- 
blatterbildung, Monographiaeh bearbeitet. Pp. 1 -136.—Jena. 

-1895(5).—Die Segmentieriuig der Insektonkorpers.— Abhand* 

kaiserl. preuss. Akad. Wiss. Berlin, pp. 1-39. 

- 1896(a).—Grundzuge der Entwicklmig und doB Korperbaus von 

Odonateii und Ephemeriden.— Abhand. kaiserl. preuss. Akad. 
Wiss. Berlin, pp. 1-66. 

-1896(6).—Zur Morphologic <ior Abdominalanh^inge der Insekten. 

—Morph, Jahrh.. vol. XXIV, pp. 178-203. 

--1896(c)." Ueber die Fortpflanzung und Entwieklungsgeachichte 

der Ephemera vulgaris L.— Sitzungsber. GeseU. naiurf, Freund, 
Berlin, pp. 82-96. 

_1896(d). -t^bcr die abdominalen Kbrporanhftngo der Insekten.— 

Biol. Centralb.* vol. XVJ, pp. 854—864. 

_-1897(a).—Entwieklangsgeschiehtliehe Untersuehungon an Lepia 

ma saccharina L.— Zeit.f. wiss, Zool,, vol. LXIl, pp. 583—6^. 

_1897(5)._Ueber die Bildung und Bau des Darmkanais bei 

niederen Insekten.— Sitzungsber, Gesell. naturf Freund. Berlin, 
pp. 111-119. 

_1897(c).—Ueber die Entwieklui^ und Organisation von Bacillus 

rossii Fabr.— Sitzungsber. kaiserl, preuss. Akad. Wiss* Berlin, 
vol. XVI, pp. 363-373. 

_1897(d).—Die Zusammensotzung des Insektenkopfes.— SUzungs- 

ber, Gesell. naturf. Freund. Berlin, pp. 119-123. 



76 


MITHAN LAL BOONWAL 


[VOL. IVj 


Heymons, R. 1897(e).—^Mitteilimg iiber die Segmentierung und den 
Kbrperbau der Myriapoden.— Sitzungeber, kaiserL Ahad, Wise, 
Berlin, pp. 915-923. 

- ifcmerkuiigen zu den Anschaimgen Verhoeffs iiber die 

AbdominalanhAnge der Insekten.— Zool. Anz., vol. XX, 
pp. 401-404. 

- 1898(a).—Zur Entwicklunsgeschichte der Chilopoden.— Sitzunga- 

ber. kaiserL preuaa, Akad. Wise, Berlin, pp. 244-251.* 

-1898(6).—Bemerkungen zu den Aufsatz Terhoeffs : ‘Nooh einige 

Worte iiber Segmentanb&nge bei Insekten und Myriapoden*.— 
Zool. Anz., vol. XXi, pp. 173-180. 

-1899(a).—Beitrftge zur Morphologie und Entwiokluhgsges- 

chichte der Rhynchoten.— Nova Acta Acad. Leop. Carol,, vol. 
LXXIV, pp. 1-105. (Summary in Zool. CerUralb., vol. VII, 
pp. 33-36.) 

-1899(6).--Der Morphologische Bau dos Insektenabdomens. 

Eino kritisohe Zusammenstellung der wesentliohsten Fors- 
chungsergebnisse auf anatomisehon und embryologischen 
Grobiete.— Zool. Centralb., vol. VI, pp. 537-556. 

-1901.—Die Entwicklungsgeschichte der Scolopender.— Zoologica, 

vol. XIII, pp. 1-244. 

---1905.—Drei neue Arbeiten uber Insektenkeiinblatter. Eine 

zusammenfassende Besprechung unter Henieksichtigung der 
wichtigsten Literatur. -Zool. Centralb., vol. XII, pp. 677-690. 

-- — 1909.—Eine Plazenta bei oinon Insekt.— Verhnruil.Ventach. zool, 

GeaelL,vol. XIX, pp. 97-107. 

1912.—“Cber den (lenitalapparat und die Entwicklung von 
Hemimerua talpoidea Walk.—Zoo/. Jahrb., Supplementbd. 
XV, pp. 141-184. 

Heyjmons, K. und Heymons, Helene. 1905. Die Entwieklungsgesoh- 
ichto von Machilia. — Vcrhandl. deutarh. zool. GeaelL, pp. 
123-125. 

Heys, F. 1931. The problem of the origin of germ-c*e)l«.— Quart. Rev, 
Biol., vol. VI, pp. 1-45. 

HilT/, C. (*. 1922.—A preliminary offouut of two Serphoid (Proctotry- 

poid) parasites of the Ht^Hsian Fly. —Pror. tJntom. Sor. Wa>8hing- 
lon, vol. XXIV, pp. 109-117. 

-1923.— Platygaster vemalia Myers, an important parasite of the 

Hessian Fly.— Jour. Agric. Rea., vol. XXV, pp. 31-42. 

--1926.— Platygaster hietnalia Forbes, a parasite of the Hessian 

Fly.— Jour. Agric. Rea., vol. XXXll, pp. 261-27.’). 

Hinman, E. H. 1932,—The prosen<‘C of bacteria within the eggs of 
mosquitoes.— Science, vol. LXXVI, pp. 106-107. 

Hirschler, ,T. 1906.—Embryologische Uiitersuohungen an Catocala 

nupta L. (Lepidoptera).— Bull, Acad. Sci, Cracovie, (1906), pp. 
802-810. 

-1907(a).—Spostrzezenia nad rozwojera zarodkowym motyli. 

(Observations on the development of embryos in the Lepidop¬ 
tera.)— Arch. Nauk. Lwowie, vol. I, pp. 1-84* 

- —1907(6).—^Entwicklungsgesehichtliche Studien an Lepidopteren.— 

Bull. Soc. Polon. Vavanc. Sci., Nr. VII, 

-—1907(c).—^Dber leberartige Mitteldarmdrusen luid ihre ombryo- 

nale Entwicklung bei Donacia (Coleoptera).— Zool. Anz., 
vol. XXXI, pp. 766-770. 

-1908.—BeitrA^ zur embryonalen Entwicklung der Coleopteren.— 

Bull. Acad, Sd., Cracovie, pp, 508-522. 

-1909(a).—Die Embryonalentwieklung von Donacia crasaipea L.— 

Zeit. f. wiaa. Zool., vol. XCIl, pp. 627-744. 

-1909(6).—On the development of the germ layers and the gut 

in Qaateroidea viridula Deeg. (In Russian.)— Bull. Acad. Sci., 
Cracovie, pp. 284-308. 



1938 ] RECENT ADVANCES IN INSECT KMBRYOLOCY 


77 


HibSCHLEB,^J. 1911.—-() dwoch roznyeh zarodkow w jodyiim gatuiika. 

Studyum embryologiczne i fornialno-analitycziie nad mszyeami. 

Ksietja l*aw. hi czci Prof. J. Nusbauma^ Lwow» pp. 175- 
lO/j. (Two different types of embryos m the same species. 
A formal-analytical study on aphid embryology .—Memorial 
t'ol. for Prof. J. Nnahaum^ Lwow.) 

----1912.--Embryologische Untorsuchmigen an Aphiden nebst 

theoretischen Erwagungen uber don morphologischen Wert 
dor Dottorelomentc) (Dotterzellen, Vitellophagon, Dottoropithel, 
Merozyton, Parablast) im allgomeinon.— Zeit. f. vnaa. ZooL^ 
vol. C, pp. 39.1 446. 

--1924.—‘ Embryogoiiese der Insokten ’.—SchrddePa Hotidbuch der 

Entom., vol. 1, Chapt. 10. Pp. 570-752,—Jena (1928). 

- 1939.—Von worn stammt die Thioniiifiirbung der sich aus 

morobla8tis<*hen Eiern entwickolndon Embryoncn ?—Zoologioa 
Poloniae^ vol. TV, pp. 75-79. 

Hopson, A. C. 1934. —The origin and differentiation of tho sex organs of 
Tribolium confmum Duval.— Entom. Soc. Amer.f vol. 
XXVIT, pp. 278-291. 

Hoffmann, R. W. 1911.—Zur Keimtuis der Entwieklungsgeschiehte der 
Collembolen. (Die Entwicklung der Mundwerkzeuge von 
TomoceniH phimbP7i.H^ D .).-—Zool Ariz.^ vol. XXXVIl, 

pp. 353-377. 

. --1913.—Zur Embryoualentwieklung der Stopsipteren.— Nachricht. 

kaiaerl. Uesell. Wisa., Uottintfen.^ {math.-phf/aik. A7.), pp. 392- 
408. 

--1914.—Dio ornbryonalen Vorgange bei don Strepsipteren und 

ihro Doutimg. -Verlmndl. deutach. zool. OeaclL, pp. 192-216. 

Holmghkn, N. 1904.—Zur Morphologie dos Insekteukopfes. J. Zum 
metameron Aiifbau des Kopfes dor Chironomua-harvo .— ZeiU 
f. wiaa. Zool., vol. LXXVI, pp. 439-477. (Summary in Zool, 
Ventralb., 1904, pp. 452-454.) 

--1909.—Termitonstudion. !. Ai-..iomisoho (Inters uchungen. 

(d). Einbryonalontw^ieklimg des Termitonkopfes.— Kungl. Ev. 
Vet. Akad. Haudl., vol. XLIV, pp. 55-67. 

Howard, L. (.). 1937. Resume and conelusions to Paul Marchars 

extended paper on the Triehogrammas.— Amt. Entom, Soc. 
Anter., vol. XXXVl, pp. 5.51—5o7. 

Howland, R. B. and Chtlj> G. 1*. 1933.- Pro-localization of organ- 

forming substances in tho early embryo of JJroaophila melano- 
gaater.—Anat. Pec., vol. LVll, (Suppl.), p. 76. 

_ 1936._Exi^^rimental studies on development in Drosophila 

melanoyaater. I. Removal of protoplasmic materials during 
late cleavage ami early embryome stages.—-dcmr. Exper. Zool., 
vol. LXX, pp. 41.5-427. 

Howland, R. B. and Sonnknblk k, B. P. 1936.- -Exiierirnental studies 
* on development in Drosophila melanogaaler. 11. Regulation 
in the early our. Exper. Zool., vol. LXXIII, pp. 109- 

126. 

Hubttner, a. F. 1923.—The origin of germ cells in Drosophila melano- 
gasper. — Jour. Morph., vol. XXXVlI, pp. 386—423. 

_ 1935 .r-Nuclear movements in tho developing Drosophila egg.— 

Anal. Pec., vol. LX1\, (Suppl.), p. 69. 

Huib L. H. 1918.—The formation of the germ band in the egg of the 
' Holly Tortrix Moth, Eudemis noevana (Hb.).—Proc. Roy. 
Eoc. Edinburgh, vol. XXXVIII, pp. 164-166. 

Hussey Priscilla, B. 1926.—-Studies on the pleuropodia of Belostoma 
* flumineum Say and Ranatra fueca Palisot de Beauvois, with 
a discussion of these organs m other insects .—Entomologica 
Americana, vol. VII, pp. 1-80. 




MITHAN LAL ROONWAL 


78 


[VOL. IV, 


Huxley, J . S. and De Beer, G. R. 1934.—^The Elements of Experimental 
Embryology.—Cambridge. 

Huxley, T. H. 1868.—On the agamic reproduction and morphology of 
. Aphis. Parts I and II.— Trans, Linn, Soc. Land., vol. XXI, 

pp. 193-236. 


I 

Imms, a. 11. 1934.—General Text-book of Entomology. [Pt. II. 
Development and metamorphosis.] (Third ed.)—London. 

-1937.—Recent Advances in Entomology. (Second ed.)—^London. 

Inkmann, F. 1933.—^Beitr&go zur Entwicklungsgeschichte des Korn- 
kAfers {Calandra granaria^ L.). Dio Anfangsstadien der Em- 
bryogeneso.— Zool. Jahrb., Abt. f. Anat. u. Ontog, vol. LVI, 

pp. 621-668. 

ISHIWATA, S. 1913.—SuT le sexe de Toeuf du ver A soie.— Zool. Anz., 
vol. XLHI, pp. 193-197. 


J 

Jackson, Dorothy, J. 1928.—The biology of Dinocampus {Perilitus) 
rutilus Nees, a braconid parasite of Sitona lineatc^L. Pt. 1.— 
Proc. Zool. Soc. Lond.t pp. 697-630. 

-- -1936.—Giant cells in insects parasitized by hymenopterous larvas. 

—Nature, vol. CXXXV, pp. 1040-1041. 

Jaworowski, a. 1882.—VorlAufige Rosultate entwicklimgsgeschichtli- 

oher und anatomischer Untersuchungen iibor den Eierstock bei 
Chironomus imd oinigen anderen Jnsekten.— Zool. Anz., vol. V, 
pp. 663-667. 

-1891.—^Ueber die ExtremitAten bei den Embryonen der Arach- 

niden imd Insokten.— Zool. Anz., vol. XIV, pp. 173-176. 

-1897.—^Gber die Entwicklung der RuckengefAsses und speciell 

der Muskulatur bei Chironomus und einigen anderen Insekten. 
— Sitzungsber. kaiserl. Akad. Wiss. Wien, {math.-natunviss, 
Kl.), vol. LXXX, pp. 238-258. 

Jentsch, S. 1936.—Ovoviviparie bei einor einhoimlischen Copeogna- 
thenart {Hypertes gue8tphalicu8).~Zool. Anz., vol. CXVI, 
pp. 287-289. 

JoHANNSBN, O. A. 1929,—Somo phases in the embryonic development 
of Diacrisia virginica, Fabr. (Lepidoptera).— Jour. Morph,, 
vol. XLVIII, pp. 493-542. 

Johnson, C. G. 1937.—^The absorption of water and the associated 
volume changes occurring in the eggs of Notostria erratica, 
L. (Hemiptera, Capsids?) during embryonic development 
under experimental conditions.— Jour. Exper. Biol., vol. XIV, 
pp. 413-421. 

JoLY, M. 1844.—^Recherches sur les moeurs, les inAtcunorphose, I’anatomie 
et I’embryog^nie d’un petit insecte col6optdre {Colaspis atra, 
Latr.) qui ravage les luzemes du midi de la France: suivives 
des proc^dAs a employer pour le dAtruire.— Ann, Sci. Nat, 
{Zool.), vol. 11 (3rd Ser.), pp. 6-38. 

JoLY. N. 1876(a).— I^s EphAmAre, leur organization, leur mAteunor- 
phoses, leurs moeurs, et leur industrie.— La Nature, vol. V, 
pp. 1-6; 43-47. 

—1876(6).— Etudes sur I’embryogAnie des EphAmAres, notamment 
chez la PaUngenia virgo.-^our, d'Anat. Physiol., pp. 486-495. 
(Also in Mim, Acad. Toulouse, 1876, pp. 1-12; Compt. Rend. 
Acad. Sci., vol. LXXXII, pp. 1030-1034; Ann. Mag, Nat, 
Hist., vol. XVII, pp. 481-484.) 



1938] RECENT ADVANCES IN INSECT EMBRYOLOGY 79' 

K 

Kahlb, W. 19()8.—^Di© Pa3dogen©8is dor Cocidomyiden.— Zoologica, 
vol. XXI, pp. 1-80. 

ElARAwajkw, W. 1893.—On the embryonic* dovelopineiit of Pifrrhocoris 
apterua, (In Russian.)—ZapwH Kiev, Obsch,, vol. XIU, 
pp. 1-34. 

Kellog, V. L. 1902.—^Tho development and homologies of the mouth- 
parts of inseets.— Nat., vol. XXXVI, pp. 683-706. 

Kennel, J. 1886.-—Entwicklungsgeschichte von Peripatua edtoardaii, 
Blanch, und Peripahia torquatua, n. ap. 1 Thoil.— Arbeit. zooL- 
zoot. Inat. Wurzbur<u vol. VII, pp. 95-229. 

-— 1888.—Entwiekiviugageaehichte von Peripaiua edwnrdaiif Blanch. 

mid Peripatua torquatua, n. ap. II Thoil.— Arbeit, zool.-zoot. hiat. 
Wurzburg^ VIII. pp. 1-93. 

Kbbshaw, J. C. 1914.—Dovolojnnent of an Embiid.— Jour. Roy, Micr. 
Soc, Loud., pp. 24-27. 

Kessler, Fr. H. 188.6.—Die Entwicklungs- und Lebonsgesohichto dor 
Blattlaus [Schizoneura lanigera) und doren Vertilgung.—Cassel. 

King, K. L. and Slieer, E. H. 1934.—Insect development. VIII. 

Maturation and early dovelopmoiit of unfertilized grass- 
hopper eggs. -dour. Morph., vol. LVI, pp. 60.3-619. 

Kishinouve, K. 1894.—Note on the coelomic* cavity of the spider.— 
Jour. Coll. JSci. Tokyo, vol. VI, pp. 287-294. 

Klevenhtjsen, F. 1927.—Beitr&ge zur Kenntnis dor Aphidiensymbiose. 
— Zeit.J, Morph. Okol. Tiere, vol. IX, pp. 97-166. 

Knower, H. M. 1896.—^l^he development of a termite; a preliminary 
abstract.— Johns Hopkins Univ. CirouUzra, vol. XV, pp. 86-87. 
(Reproduced in Ann. Mag. Nat. Hist., vol. XVIIl, pp. 277- 
282. Summary in Zool. Zentralb., 1896, p. 740.) 

-1900.—The embryology of a termite, Eutermea {Rippertiit ).— 

Jour. Morph., vol. XVI, pp. 605-668. 

Koch, A. 19,31(a).-—tJber die Symbiose v ft Oryzaephilus aurinatnenais, 
L. (Coleoptora). Vorlaufige Mitteilung.— Arch. Zool. Ital., 
vol. XVI, pp. 1430-1436. 

-1931(6).—Die Symbiose von Oryzaephilus surinamensis L. 

(Cucujidac, Coleoptera).— Zeit. /. Morph. Okol. Ticre, vol. 
XXIII, pp. 389-424. 

--1936(a)—Bau und F^ntwicklungsgeschichto der Mycetom von 

Lyctua linearis, Gooze.— Verhandl. deutach, zool. OeselL, vol. 
XXXVIII, pp. 262-261. 

_1936(6).—Symbiosestudien. I. Die Symbiose des Splintkftfers 

Lyctus linearis. II. Experimontollc^ Untersuchungen an 
Oryzaephilus surinamensis L. (Cucujidaj, Coleoptora).— Zeit. 
f. Morph. Okol. Tiere, vol. XXXll, pp. 92-180. 

Kolliker, a. 1842.—Observationes de priina inaoctorum genesi adjecta 
articulatorura evolutionis cum vortobratorum comparatione.— 
Zttrich. (Also in Ann. JSci. Nat. {Zool.), vol. XX (2nd Ser.), 
1843, pp. 253 -284.) 

Korotneef, a. 1883.—Entwicklung des Herzens boi Gryllotalpa. — Zool. 
Anz., vol. VI, pp. 687-690. 

_1886.—^Die Embryologie der Gryllotalpa. — Zfiii. f. luias. Zool., 

vol. XLI, pp. 670-604., ^ 

_ 1894._^Zur Entwicklung des Mitteldarmes bei dcu Arthropoden. 

— Biol. Cenlralb., vol. XIV, pp. 433—434. 

KoTiarnELT E 1912.—Zur Embryonalentwicklung des Dytiacus 'tnargu 

nalia h.—Zool. Jahrb., Supplementbd. XV, pp. 499-632. 

_-1924._Bearbeitung einheii^icher Tiere. I. Der Gellbrand 

Dytiacus marginalia L.—^Leipzig. 

_^ 1936 .—Vergleichende Entwicklungsgeschichte der Tiere. Vol. II. 

—Jena. 



so 


MITHAN LAL ROONWAL 


[VOL. IV, 


Korschki.t, E. iiiid Heipkr, K. S92.—Lehrbuch der vergleichenden 

Entwickhmgsgeschichte der wirbellosen Tiere. Heft 2.'~-Jena. 
(English translation, vol. Ill, London, 1899.) 

-1910.—Lehrbuch der vergleichendon Entwicklungsgeschichte der 

wirbellosen Tiere. Allgomoiner Theil. Lieferung 4.—Jena. 

Kowalewsky, a. 1871.—Embryologisoho Studien an Wiirmen und 
Arthropoden.— Mem. Accud. Imp. Set. St. Petersbourgt vol. 
XVI, pp. 1-60. 

-- 1886.- -Zur embryonalon Entwicklung der Musciden.— Biol, 

Ceniralh.^ vol. VI, pp. 49-54. (Summary in Jour, Roy, 
Micr. Soc. Lond.^ vol. VI. 1886, pp. 429-430.) 

Kozlowski, a. 1939.—(Researches on the summer eggs of aphids.)— 
Proc, Polish Acad, Sci. Lett. Cracow^ (cl. McUh, Nat. Sd,), 

Khause, (j. 1934.- “Analyse erstor Differenzierungsprozesse im Keim der 

Gewachshaushousehreeke durch kiinstlieh erzeugte Zwillings-, 
Doppol-, und Mehrfachbildungen.— Arch. f. Entw.mech.^ vol. 
CXXXII, pp. 115-206. 

-1938.—Einzelbeobachtungen und typische Gesamtbilder der 

Entwicklung von Blastoderm und Keimanlage im Ei der 
Gewaehshaushouschrecke, Tcuihycines asynamorus Adelung.— 
Zeit. f. Morph. Okol. Tiere, vol. XXXIV, pp. 1-78. 

KxjPFFER, C. 1866.—^Ueber des Faltenblatt an den Embryonen der 
Gattimg (liironomus.—Arch. f. mikr. Anat.y vol. II, 
pp. 385 398. • 

-1867. —He embryogonesi apud CMronomus, observatione, etc.— 

Kili». 

Kula(JNTn, M. N. (KouLAcmiNE, M. N.). 189()(a).—On the development 

of Plaiygaster. (In Russian.)— Jour. Friends of Nat, Soc, 
(Zool.), Moscow. 

- 1890(6).--Zur Entwicklungsgeschichto des Plaiygaster intricator, 

L. -Zool. Anz., vol. XIII, pp. 418-424. (Summary in Jour, 
Roy. Micr. Soc. Lond., 1890, p. 713.) 

- 1892(a).—Notice pour servir a Thistorie du doveloppoment des 

hyiii^noptdres parasite.— Congr. Internal. Zool. (Deuxiime 
sess, a Moscou), Part I, pp. 253-277. 

- 1892(6).—Zur Entwicklungsgeschichte der parasitischen Haut- 

fliiger.— Zool. Anz., vol. XV, pp. 85-87. (Summary in Jour, 
Roy. Micr. Soc. Land., 1892, p. 470.) 

- 1897.—Bcitrage zur Kenntnis der Entwirjklungsgeschichte von 

Plaiygaster. — Zeit. f. wiss. Zool., vol. LXII, pp. 195-236. 


L 

Lang, A. 1 891.—Text-book of Comparative Anatomy. (English transla¬ 
tion.) —London. 

-1903.—BeitrAge zu einer Trophocoltheorie.— Jena. Zeit, f. 

Naturwiss., vol. XXXVIII, pp. 1-376. 

Lassmann, G. W. P. 1936.— The early ombryological development of 
Melophagus ovinus, with special reference to the development 
of the germ-cells.— Ann. Entom. Soc. Amer., vol. ^?^IX, 
pp. 397-413. 

Lautenbohlageb. F. 1932.—Die Embryonalentwicklung der weiblichen 
Keimdriise bei der Psychidse, Solenobia triquetreUa. — Zool. 
Jahrb., Abt.f, Anat, u. Ontog,, vol. LVI, pp. 121-162. 

L^caillon, a. 1897(a).—Note pr^liminairo relatif aux feuillets germina- 
tifs des Col^optdres.— Compt, Rend. Soc. Biol, Paris, 
pp. 1014-1016. 

-1897(6).—Contribution a T^tudes des premiers ph^nom^nes du 

d^veloppement embryonnaire ohez les insectes, partioulidrement 
les Col4opteres.— Arch. d*Anat. Micr,, vol. 1, pp. 205-224. 



1938] RECENT ADVANCES IN INSECT EMBRYOLOGY 


81 


L:6oaillon, a. 1898(a).—Recherchew sur le d^veloppement einbryon- 
naire d© quelques Chrysomelidee.— Areh. d'Anat, Micv.^ vol. II, 
pp. 118-176; 189-260. (Reviewed by Heymons in Zool, 
ZentrcUb., vol. V, 1898, pp. 813-816.) 

1898(6).—Recherches sur I’oeuf et sur le d6veloppement ©mbryon- 
naire de (quelques Chrysomelides.—Paris. 

Leeuwenhoek, A. van. 1696.—^ArcansB Natureo D^ecta.—Delft. 

Lehmann, F. 1925.—Zur Kenntnis dor Anatomie uSl EntwickluiigsTOS- 
chicbte von Carauaius moroaus^ Br. IV. tJber die Entwiok- 
lung des Tra<*heeu8yatems von Carauaius nurrosua, Br. iiobst 
Beitragen zur vergleichondo Morphologie des Insekten- 
tracheensy stems. Pp. 1-86.—dena. 

Leiby, R. W. 1922.—The polyembryonic development of Copidosoma 
gelechiae, with notes on its biology.— Jour, Morph,^ vol. 
XXVII, pp. 195-286. 

- 1926.—The origin of mixed broods m polyembryonic Hymenop- 

tera.— Ann. Kntom. Soc. Amar.^ vol. XIX, pp. 290-299. 

- 1928.—Polyembryony in insects.— Proc. Fourth Internal, Congr, 

Entom., IthcuiUy vol. II, pp. 873-887. 

Leiby, R. W. and Hill, C. C. 1923.—^The twinning and monoembryonic 
development of Platygaater hiemalut, a parasite of the Hessian 
Fly.— Jour. Agric. Res., vol. XXV, pp. 337 349. 

-1924.—The polyembryonic development of Platygaater vcmalia 

— Jour. Agric. Res,, vol. XXVIII, pp. 829-839. 

Lemoine, V. 1883. -Recherches sur le dtSvelopfiemeut doa Podurelles.— 
Assoc. Franc. Congr. Rochelle, vol. XI, pp. 483-520. 

Leuckabt, R. 1858.—Die Fortpflanzung und Entwicklung der Pupiparen 
nach Beobachtungen an Melophof/us ovinus, — Abhandl, naturf. 


Oesell. Halle, vol. III. 

1865.—Die uiigeschlechtlicho Fortpflanzung der Cocidomyien 
Larven.— Arch. /. Naturgesch., vol XXXI, pp. 286—303. 
(Transl. in Ann. Mag. Nat, Hist., vcl. XVll, 1866, pp. 161— 
173.) 

Leuzingkk, H. 1926.—Zur Konntms der A-»4.tomie und Entwicklui^s- 
gt)8chichte von Carauaius morosus, Br. I. Eibau und Xeun* 
blktterbildung. Pp. 1-88. -Jena. 

Leuzingeh, H, und Wiesmann, R. 1925.—Zur Kenntnis der Anatomie 
und Entwicklungsgcschichte von Carauaius inorosua, Br. II. 
Entodermfrago und Darmepithelbildung von Carauaius moro- 
aus, Br. Pp. 89-122.—Jena. 

Leydio, F. 1848.—Ueber der Entwicklung der PHanzenlkuse.— Isis, 
vol. Ill, p. 184. 

___ 1850 ,_^Emige Bemcrkungen ubor die Entwicklung der BlattlAuse. 

— Zeit. f. udas. Zool., vol. II, pp. 62-66, 

Lilienstern, Margarbtk. 1933. -Beitrdgo zur Bakteriensyrabioso der 
Ameisen.— Zei7. /. Morph, Okol. Tiere, vol. XXVI, pp. 110- 
134. 

Longchamps, M. db Sblys. 1904.— Recherches sur le diSveloppement 
embryonnaire de I’appendice du premiere segment abdominal 
chez Tenebrio molitor, — Bull, Classe Sci. Acad, Roy, Belg, 

Bruxelles, vol. IV, pp. xk u \ i rk i 

Lowne, B. 1895.— The Anatomy, Physiology, Morpholo^ and Develop¬ 
ment of the Blowfly. Vol. I. (Chap. III. The embryology 
of the Blow-fly in the e^g. Pp. 230-261.)—Lond^. 

Lubbock, J. 1869 .-On the wa and peeudova of insects, 

Ho!/. Soc. Land., vol. CX1.IX, pp. 341 369. 


-•Phil, Trans, 


M 

JAaobbidk, E. W. 1914.—a Textbook of Embryology. Vol. I. In- 
vertebrates.—^London. 



82 


UTTHAH lAL BOONWAL 


[VOL. IV, 


MAitPiOHi, M. 1669.—^De Bombyce Dissertatio Epiflioltoa. Pp. 1-100.— 
London. 

MATff nmm, K. 1927.—^The development of the larval and adult mid-gut 
of Calandra oryzae^ Linn., the rice weevil.— Quart, Jour, Micr, 
Sci.f vol. LXXl, pp. 313-352. 

->1934.—^The development of the larval and adult mid-gut of coleop¬ 
terous insects and its bearing on systematics and embryology. 
— BuU, Maculty Bci,, Egyptian Univ,^ Cairo, No. 2., pp. 1-34. 

-1936.—The endoderm problem in Insecta.— Extr, Compt, Bend, 

12e Congr. Intemat, ZooL, Liahcmne (1936), vol, I, pp. 667-670. 

-1938.—Notes on the embryonic and post-embryonic development 

of Calandra oryzae (Limi.) and related Coleoptera.— Extr. 
Bull, Soc. Foaud 11, Entom,, (S6an. Nov. 1938), pp. 286-299. 

Manton, S. M. 1928.—On the embryology of a Mysid Crustacean, 
Hemimyais lamornae. — Phil. Trans, Roy. Soc. London, Ser. B,, 
vol. CCXVI, pp. 363-463. 

— -1934.—On the embryology of the Crustacean Nehalia bipes ,— 

Phil. Trans. Roy. Soc, London, Ser. B., vol. CCXXIII, pp. 
163-238. 

Mabohal, P. 1897(a).—Sur les reactions histologiques et sur la gallo 
animale interne provoqu6e chez une larve de Diptdre {Ceci- 
domyia destructor) par un Hym6nopt4re parasite Trichachis 
rem^us). — Compt. Rend. Soc. Biol. Paris, pp. 69-60. 

--1897(i/).—Contribution k T^tude du d6veloppement ^es Hym4nop- 

tdres parasites.— Compt. Rend. Soc. Biol. Paris, pp. 1084-1086. 

— -1898(a).—Un example de dissociation de I’oeuf. Le cycle de 

VEncyrtus fuscicollis (Hymenoptera).— Compt. Rend. Soc, 
Biol. Paris, pp. 238-240. 

--1898(6).—Le cycle evolutif de VEncyrtus fuscicollis.. — Bull. Soc. 

Entom. Franc., pp. 109- 111. 

-^1898(c).—La dissociation de Toouf en un grand nobre d’individus 

distincts et le cycle 4volutif de VEncyrtus fuscicollis (Hym6nop- 
tdre).— Compt. Rend. Acad. Sci., vol. CXXVl, pp. 662-664. 
(Translation in Nat. Sci.. vol. XII, pp. 316-318; and in Ann, 
Mag. Nat. Hist., vol. VII, pp. 28-30.) 

-1899.—Comparision entre les Hymdnoptdres parasites & d4ve- 

loppement polyembryonnaire etceux a d4vcloppemeutmonoem- 
bryonnaire.— Compt. Rend. Soc. Biol. Paris, vol. II, pp. 711-713. 

-1903.—Le cycle 6volutif du Polygnotus minutua (Lindm.).— Bull. 

Soc. Entom. Franc., pp. 90-93. 

•-—1904(a).—Le d^termimsme de la polyembryonie et le d6ter- 

minisme du sexe, dans la polyembryonie specifique des Hym4n- 
optdres.— Compt. Rend. Soc. Biol. Paris, vol. LVl, p. 468. 

--1904(6).—Sur la formation de Tintestin moyen chez les Platy- 

gasters.— Compt. Rend. Soc. Biol. Paris, vol. LVl, p. 1091. 

-1904(c).—Hecherches sur la biologie et le developpement des 

Hym4nopt4res parasites. I. La polyembryonie spdcihque 
ou germinogonie.— Arch. Zool. Expir. Qin., vol. II, pp. 257- 
335. 

-1906.—^Recherches sur la biologie et le developpement des Hym4- 

uopteres parasites. II. Les Platygasters.— Arch. Zool. Expir. 
Qin., vol, IV, pp. 486-640. 

-1912.—^Notice sur les travaux scientifique de M. P. Marchal. 

(Chap. Ill, Embryog4nie des insectes, pp. 30-60).—^Paris. 

Mabiaki, G. 1937.—Contribute alia conoscenza dello sviluppo embrionale 
deViB, Salurnia pyri, SchifF.— Boll. Zool. Agrar. BacicoU., Torino, 
vol. VU, pp. 206-216. 

Mabbhaix, W. S. 1907(a).—Contributions towards the embryology and 
anatomy of PoUstes paUipes. II. The early history of the 
cellular elements of the ovary.— Zeit. f. wise. Zool., vol. 
LXXXVI, pp. 174-213. 




1938] RECENT ADVANCES IN INSECT EMBRYOLOGY 83 

Marshall, W. S. 1907(6).—^The early history of the cellular elements 
of the ovary of a Phryganiid, Platyphylax deaignatuut^ Walker. 
~-ZeiL f. vnss. Zool,, vol. LXXXVl, pp. 214-237. 

Marshall, W. S. and Dernehl, P. H. 1905.—Contributions towards 
the embryology and anatomy of Poliaten paUipes (Hymenop- 
tera). I. The formation of the blastoderm and the first 
arrangement of its cells.—ZnV. /. wisa. Zool., vol. LXXX, 
pp. 122-154. 

Martiist, P. 1914.—Zur Entwickhmgsgeschichto des polyembryonalen 
Ohalcidiors Ageniaspis {Kncyrtus) JuscicoUia Dalm.— Zeit, /. 
wiaa. Zool.^ vol. CX, pp. 419-479. 

Maschlanka, H. 1938.—^Physiologisehe Uritersuehungon am Ei dor 
Mehlmotte, Epheatia kuehniella. —..4rc6. /. Entw.mech., vol. 
CXXXVIl, pp. 714-772. 

Mayek, P. 1876. —Cber Ontogenie imd Phylogonie dor Insekton.— Jena, 
Zeit. f. Natarvma., vol. X, pp. 125-221. 

McNabb, Josephine, W. 1928.--A study of the chromosomes in meiosis, 
fortilization and cleavage in the grasshopper egg (Orthroptera). 
— Jour. Morph. f vol. XLV, pp. 47-93. 

Meousah, F. 1906.—Einfluss abnormaler Gravitationswirkung auf die 
Embryonalentwicklung bei Hydrophilua aterrimua. — Arch, J, 
Knhv.mech., vol. XXll, pp. 141- 148. 

Mellanby, Helen. 1935.—The early embryonic dev<Jopmont of Ithodi- 
nna prolixua (Herniptera, Heteroptera).— Qitart. Jov/r. Micr, 
Sci., vol. LXXVIll, pp. 71-90. 

— - —1936. -The later embryology of Rfiodinua prolixua. — Quart. 

Jour. Micr. Sci.y vol. LXXIX, pp. 1-42. 

Melntkow, N. 1869.—Beitriige zur Embryonalentwicklung der Insekten. 
- Arch, f, Naturyeachichtc, vol. XXXV, pp. 13fi-189. 

Mbtschnikoff, E. 1865.—Ueber die Entwickliiiig der Ceoidomyion- 
lai*ven aus dom I’seudovum. VorlAufige Mittheilung.— Arch, 
f. Naturgeaell.f vol. XXXI, pp. 3 M-31C). 

.-1866(a). - tlntersuclumgen ubor die Embryologie der Hemipteren. 

Vorlaufige Mittheilung.— Zeit. f. wiaa. Zool., vol. XVI, 
pp. 128-132. 

— - - 1866(6).' -Eiiibryologischo Studien an Insekten.— Zeit f. wiaa. 

ZooL. vol. XVT, pp. 389-600, 

__1874.—Embryologio dev doppelfussigen Myriapoden (Chilogna- 

tha).— Zeit.f. uu'aa. Zool.j vol. XXIV, pp. 263-283. 

_1875.—Kinbryologisches fiber Qeophilua. — Zeit. f. uriaa. Zool., 

vol. XXV.; pp. 313 .322. 

Miall, L. C. and Hammond, A. R. 1900.—The structure and lifo-history 
of the Harlequin Fly {Chironomua). (Pp. 153-176 on embryo- 
logy.)—Oxford. 

Miller, A. 1939. - -The egg and early development of tho Stonefly, 
Pteronarcya proteua^ Newman (Plocoptera).— Jour. Morph., 
vol. LXIV, pp. 555-609. 

Morgan, T. H. 1906.- The male and female eggs of Phylloxerans of the 
hickories. - "Bio/. Bull., vol. X, pp. 201—206. 

__ -1927.—Experimental Embryology.—New York. 

Morril. C. V. 1910.—The chromosomes m the oiigenesis, fertilization 
and cleavage of Corekd Herniptera.— Biol. BuU., vol. XIX, 
pp. 79-126. , , . . 

Muir F. A. G. and Kershaw, I. C. 1911.—On the later ombryological 
' stages of the head of Priathcaancua papuenaia, — Payche, vol. 
XVIIl, pp. 75-79. . ^ „ 

____>1912._The development of the mouth-parts m the Homoptera, 

with observations on the embryo of Siphanta. — Pe/yohe, vol. 
XIX, pp. 77-89. 




84 


MITHAN LAL BOONWAL. 


[VOL. IV, 


MtJLLER, Klothilde. 1938.—Hifitologische Untersuohungen iiber die 
Entwicklungsbeginn bei emem Kleinschmetterlizig (Plodia 
interpunctetta). — ZeiU /. wisa. ZooL, vol. CLI, pp. 192-242. 

N 

Naib, B. 1939.—^The reproduction, oogenesis and develop^nent of 
Meaopodopala orientalia Tatt.— Proc, Indian Acad, Sci, (-B), 
vol. IX, pp. 176-223. 

Needham, J. 1931.—Chemical Embryology. 3 vols.—^London. 

- —1934.—History of Embryology. Pp. 1-274.—London. 

Nelsbn, O. E. 1931.—Life cycle, sex differentiation and testis develop¬ 
ment in Melanoplua differenticdia (Acridiidas, Orthoptera).— 
Jour. Morph.^ vol. LI, pp. 467-526. 

— - - 1934(a).—The development of the ovary in the grasshopper, 

Melanoplua differentialia (Acridiidas, Orthoptera).— Jour. 

Morph., vol. LV, pp. 616-643. 

-- 1934(6).—^The segregation of the germ-cells in the grasshopper, 

Melanoplua differentialia (Acridiidae, Orthoptera).— Jour, 

Morph., vol. LV, pp. 644-676. 

Nelson, .1. A. 1911.—^The origin of the rudiments of the mesenteron in 
the honey-bee.— Scieruie, vol. XXXIII, pp. 273-274. 

_ -1912.—A peculiar structure in the embryo of the honey-bee.— 

Science, vol. XXXV, p. 476. 

-1914.— A pair of tracheal invaginations in the second maxillary 

segment of the embryo of the honey-bee.— Science, vol. 
XXXIX, p. 437. 

--1915.—The Embryology of the Honey-Bee. Pp. 1-282.— 

Princeton. 

- 1918.—The segmentation of the abdomen of the honey-bee 

{Apia meUifica, L.)— Ann. Entom. Soc. Amer., vol. XI, pp. 1-8. 
Niceta, F. 1930.—^La partenogonsi naturale nel Bomhyx mori L. 

(Studio embriologico.)— Boll. Lab. Zool. Agr. c Bacicol. R. Inst. 
Sup. Agr. Milano., vol. I, pp. 139-160. 

Noack, W. 1901.—BeitrAge zur Entwicklungsgeschichte der Musciden.— 
Zeit. f. wise. Zool., vol. LXX, pp. 1-56. 

NosKiEWic’Z, N. and Poluszynski, G. 1924.—Un nouveau cas do polyem- 
bryonaio choz les Insectes (Strepsipteres).— Compt. Rend. Soc. 
Biol. Paris, vol. XC. 

-1928.—Einbryologische Untersuchungen an Strepsipteren. I 

Teil. Embryogenesis des Gattung Stylopa Kirby.— Extr. Bull. 
Internal. Acad. Polonaise Sci. Lett. {Ser. B., Sci. Nat,), Vracovie, 
pp. 1093-1227. 

— -1935.—^Embryologische Untersuchungen an Strepsipteren. II 

Teil. Polyembryonie.— Zoologica Poloniae, vol. I, pp. 63-94. 
Nusbaum, J. 1883.—^Vorlftufige Mitteilung iiber die Chorda der Arthro- 
poden.— Zool, Anz., vol. VI, pp. 291-296. 

--1H84.—Bau, Entwicldung und Morphologische Bedeutung der 
Leydig’sehon Chorda der Lepidopteren.— Zool. Anz., vol. VII, 
pp. 17-21; 48. 

- 1886.—The embryonic development of the cockroach. Pp. 181- 

196.—In 'The Cockroach* by L. C. Miall and A. Denny. 
London. 

-1889(a).—Die Entwicklung der Keimbl&tter bei Meloe proacara- 

haetia Marsham.— Biol. Centralb., vol. VHI, pp. 499-662. 

-- 1889(6).—Zur Frage der Segmentierung des Keimstreifens und 

der Bauchanh&nge der Insektenembryonen.— Biol. Centralb., 
vol. IX, pp. 616-622. 

-1890(a).—Zur Frage der Kiickenbildung bei den Insektenem- 

j bryonen.— Biol, Centralb., vol. X, pp. 110-114. (Summary 
in Jour. Roy, Micr. Soc. Lond., 1890, p. 710.) 



1938] RECENT ADVANCES TN INSECT EMBRYOLOGY 


85 


SBAUM, J. 1890(&).—^tudya nad morfologija zweierzat. Przyczynek 
do embryologii maika {Mdoe proacarabaeuSt Marsham.)* (In 
Polish.) (Studies in morphology, etc. The embryology of 
- Afe/oe, etc.) — Kosmoft^ Lembew, vol. XV, pp. 17-47. 

Nusbaum, J . und Fulinski, B. 1906.—tJber die Bilihmg der Mitteldarm- 
anlage bei Phyllodromm {Blatta) germanica, L.— Zool, Anz., 
vol. XXX, pp. 362 381. 

1909. Zur Entwicklufigsgesehichte des Danndriiseiiblattes von 
Oryllotalpa tmlgarin Latrl.—Zct7./. Zool., vol. XCIII, pp. 

306-348. 


O 

Oka, H. 1934.—Experimental studios on the embryonic development of 
cricket.— Annotateonea Zoologicae Japonenaea, vol. XIV, 
pp. 373-376. 

OuLOANiNE, M. (Ul-tanin, M.). 1876.—Obsor\^ations on the development 

of PoduridsB. (In Russian.)— Izviaatiin Imp. Oha. Lioubit. 
Eatestv. Anthrop. i. Efhnogr., vol. XVI. (Summary in 
Frcmch in Arch. Zool. Expir., {Notea et Reime), vol. IV, 
pp. xxxix-xl.) 

-1876.— Dc^veloppement dos Podurelles.— Arch. Zool, Expir,, 
{Notea et Revue), vol. V, pp. xvii-xix. 

P 

Packard, A. S. 1868.--On the development of a dragon-fly {Diplax) 
{Aeachua'l). — Proc. Jioaton Eoc. Nat, Hiat., vol. XI, pp. 366- 
372. 

— - 1870. --Embiyology of laotoma, a genus of Poduridae.— Proc. 

Boaton Eoc. Nat. Hiat., vol. XIV, pp. 13-16. 

—187l(«).—Embryological studies on Diplax {Aeachnal), Per'the- 
mia and Thysanuran genus laotoma.— 'Mem. Peabody Acad. 
Ed., Ealem, vol. 1 (No. 2), pp. 1 21. 

— 1871(6).—^The embryology of (Iiry^tpa and its bearing on the 

classification of the Neuroptera.— Amer. Nat., vol. V, 
pp. 564-668. 

-1872.—^Embryological studies on hexapodous insects.— Mem. 
Peabody Acad. Eci., Ealem, vol. I (No. 3), pp. 1-18. 

-1875.--Life-histories of the (^istac'oa and Insects.— Amer, Nat., 

vol. IX, pp. 682-622. 

-- -1883.—The embryological development of the locust.— Third 

Report of U.E. Entorn. Commiaaion., Washington, pp. 263-286. 

Paillot, a. 1937.—Sur le d6veloppement polyembryonnaire WAmicroplua 
colloria Spiz., parasite dos chenilles (TEuxoa aegetum Schiff.— 
Compt. Rend. Acad. Eci., vol. CCIV, pp. 810—812. 

_1938.—Sur I’origine des cellules grantee des chenilles de 

Pieria braaaicae et des aphides parasites par Hym6nopteres.— 
Compt. Rend. Soc. Biol. Paria, vol. CXXVll, pp. 1504-1606, 

Pander, C. 1817.—BeitrAge zur Entwicklungsgeschichte des Huhnehens 
in Ei.—^Wurzburg. 

Parker, H. L. 1931.— Macrocentrua gifuenaia Ashraead. a polyembryonio 
braconid parasite in the European Com Borer.— U,E. Dept. 
Agric.j Bur. Entom., Tech. Bull., No, 230, pp. 1-62. 

Parks, H. B. 1936.—^Early embryology of Droaophila. The mechanics 
of gastrulation and its* relationship to gynaiidromorphs found 
in Droaophila melanogaater. — Jour. Heredity, vol. XXVI, 
pp. 239-240. 

_ 1936 ._Cleavage patterns in Droaophila and mosaic formation.— 

Ann. Entom. Eoc. Amer., vol. XXIX, 360-392. 

Paterson Nellie, F. 1931.—A contribution to the embryologies^ 
development of Euryope terminalia, Baly (Coleoptera 



86 


MTTHAN LAL BOONWAL 


[VOL. IV, 


Phytophaga, ChryBomelidfle). Pt. I. The early embryological 
development.— South Afric, Jour, Sci,, vol. XXVIII, pp. 344- 
371. 

Paterson, Nellie, F. 1932.—contribution to the embryological 
development of Evryope termincUis, Baly (Coleoptera 
Ph 3 rtophaga, Chrysomelidse). Pt. II. Organogeny.— South 
Afric. Jour. Sci., vol. XXIX, pp. 414-448. 

- 1935.—Observations 'on the embryology of Cor^/nod^ puaia 
(Coleoptera, Chrysomelidep).— Quart. Jour. Micr. Set., vol. 
LXXVin, pp. 91-130. 

Patten, W. 1884.—^The development of Phryganiids, with a preliminary 
note on the development of Blatta germanica. — Q^mrt. Jour. 
Micr. Sci., vol. XXIV, pp. 650-602. 

-1887.—Studies on the eyes of Arthropods. I. Development of 

the eyes of Vrupa, with observations on the ocelli of some in¬ 
sects.— Jour. Morph.f vol. I, pp. 193-226. 

— — 1888.—Studies on the eyes of Arthropods. II. Eyes of 

Acilius. — Jour. Morph.^ vol. II, pp. 97-190. 

-— 1890. —On the origin of Vertebrates from Arachnoids.— Quart. 

Jour. Micr. Sci., vol. XXXT, pp. 317-378. 

Patterson, J. T. 1919.—^Polyembryony and sox.— Jour. Heredity, 
vol. X, pp. 344-352. 

— -- 1921.— The development of Paracopidoaomopsift.— Jour. Morph., 

vol. XXXVI. pp. 1-69. 

— 1927.—Polyembryony in animals.— Quart. Rev. Biol., vol. II, 

pp. 399 -426. 

Pauli, Mahgarete E. 1927.—^Dio Entwicklung geschnurter und cen- 
trifugierter Eior von Calliphora erythrocephala und Muaca 
doweMtica. — Zeit.f. vdas. Zool., vol. CXXIX, pp. 483-540. 
Payne, Nellie M. 1934.—Regional growth rates in insects.— Anat. 
Rec., vol, IX, (Suppl.), p. 29. 

Pedaschenko, D. 1890.—On the formation of the germ band in Noto- 
necta glauca. (In Russian.)— Rev, Sci. Natur. St. Peterabourg, 
vol. 1, pp. 358-362. 

Petrunkewits(’h, A. 1898.—“Dber die Entwicklung des Herzens bei 
Agelasfica alni L.— Zool. Anz., vol. XXI, pp. 140-143. 

— --1901. —Dio Richtungskorper imd ihr Schicksal im bofruchteten 

und unbefruchteten Bienenei.— Zool. Jahrh., Abt. f. Anat. u. 
Ontog., vol. XTV, pp, 673-608. 

-- -1902.—Das Schicksal der Richtungskoper im Drohnenei. Ein 

Beitrag zur Kenntnis der natiirlichen Parthenogenese.— Zool. 
Jahrb., Abt. f. Anat. u. Ontog., vol. XVII, pp. 481-516. 

- 1933. —New fixing fluids for general purposes.— Science, vol. 

LVIl, pp. 117-118. 

Pfluofblder, O. 1932.—Cber den Mechanismus der Segmentbildung 
bei dor Embryonalentwicklung und Anamorphose voti Platyrr- 
hocus amauros Attems.— Zeit. f. udss. Zool., vol. CXL, pp. 660- 
723. 

- • 1937(a).—Vergleichende anatomische, experimentelle und em- 

bryologische Untersuchungen fiber das Nervensystem und die 
Sinnesorgane der Rhynchoten.— Zoologica. vol. XXXIV, 

pp. 1-102. 

-1937(6).—Bau, Entwicklung und Funktion der Corpora allata 

und cardiaca von Dixippus inoroaus, Br.— Zeit. f. wise. Zool., 
vol. CXLIX, pp. 477-612. 

Philiptschbnko, j. 1912(a).—Zur Kenntnis der Apterygotenembryologie. 
— Zool. Anz., vol. XXXIX, pp. 43-49. 

-1912(6).—^Beitr&ge zur Kenntnis der Apterygoten. III. Die 

Embryonalentwicklung vo'n laotoma oinerea Nic.— Zeit. f, 
wise. Zool., vol. CIII, pp. 519-660. 



1938] RECENT ADVANCES IN INSECT EMBRYOLOGY 


87 


Phillips, W. J. 1915. — Further study of the embryology of Toxopiera 
graminum. — Jour. Agric. Res., vol. IV, pp. 403-404. 

PlERANTONi, U. 1909.—^L’origine di alcuni organi iVIcerya purchasi e la 
symbiosi ereditaria.—BoM. Soc. Nat. Napoli, vol. XXllI, 
pp. 147-150. 

1910(a).—Orignie e struttura del corpo ovale del Daotylopius 
citri e del eorpo verde dell* Aphis brcLssicae. (2a nota sulla 
symbiosi ereditaria.)— Soc. Nat. Napoli, vol. XXIV, 
pp. 1-4. 

- 1910(6).—^Ultoriori osservazioni sulla symbiosi ereditaria degli 

Omotteri.—Eooi. At\z., vol. XXXVI, pp. 90-111. 

--1911(a).—SuUo corpo ovale del Dactylopius citri. — BoU. Soc, Nat. 

Napoli, vol. XXIV, pp. 303-304. 

-1911 (6).—La symbiosi ereditaria e la biologia sessualo iVlcerya ,— 

Monit. Zool. Ital., vol. XXI. 

-1912(a).—La symbiosi ereditaria.— Natura. Rev. Mens, Soi, 

Nat., vol. ITT. 

— - 1912(6).—Studi sullo sviluppo cVIccrya purchasi Mask. Parte I. 

Origine ed evoluzione degli elementi sessuali femminili.— 
Arch. Zool. Ital., vol. V, pp. 321-400. 

-1914(a).—Studi sullo sviluppo (VIcerya purchasi Mask. Parte 

II. Origine ed evoluzione degli organi sessuali maschili. 
Ermafroditismo. -Arch. Zool. Ital., vol. VII, pp. 27-49. 

1914(6).—Studi sullo sviluppo (VIcerya purchasi Mask. Parte 
ITT. Osservazioni di embriologia.— Arch. Zool. ItcU., vol. 
VIl, pp. 243-274. 

- 1914(c). - La luce degli insetti luminosi o la simbiosi ereditaria.— 

Rend. R. Accad. Sci. Fis. Math., Napoli, vol. XX, pp. 15-21. 

— 1920. - Sul significato fisiologico della symbiose ereditaria.— Boll, 

Soc. Nat. Napoli, vol. XXXITI. 

1923. —Le rocenti ricorche sulla simbiosi fisiologica ereditarin.— 
Arch. Sri. Biol. Napoli, vol. IV. 

1924. -1 riconti atudii sulla simbiosi fisiologica ereditaria .—AtU 
Soc. Ital., Progress. Sci., 13 Riun., 'Napoli. 

« . - —1927.--L’organo symbiotico nello sviluppo di Valandra oryzae.^ 

Rend. R. Accad. Sci. Fis. Math., Napoli, vol. XXXV. 

_ 1929.—La trashiissions ereditaria dei simbionti fisiologici nei 

Coleotteri. — Arch. Zool. Ital., vol, XIII, pp. 471—473. 

_1930.—Origine e sviluppo degli orgaiio simbiotiei di Orizaephilus 

{Silvanus) surinamensis L .—Atti R. Accad. Sci, Fis, Math,, 
Napoli, vol. XVIll, pp. 1-16. 

Planter, O. 1888. -Die erste Entwicklung bofruchteter und partheno- 
genetischer Eier von Ltparts dwpor.— Biol. Centralb., vol. VIII, 
p. 521-524. 

PoLUSZYNSKi, G. 1911.—O tworzeniu sie listka spodniego, zawiazka 
plciow(‘go i o blastokinezie u czerwcow. (CoceidsB .)—Ksiega 
Pam. XI. zjezdu Lek. i Przyrod. Polsk., Krakow. (On the 
formation of the inner layer and the genital rudiments and on 
blastokinesis in the Coccids.— Proc. 11th Meeting of Polish 
Doctors and Naturalists, Cracow.) 

PoULSEN, D. F. 1937(a).-The Embryonic Development of Drosophila 
melanogaster.—Actualitis Scientiflques et Industrielles, Nr, 498, 
Exposes de Oenetique. Paris. (Abstract ^in Genetics, vol. 
XXII, p. 204.) . ^ ^ , 

_ 1937 ( 6 ).—Chromosomal deficiencies and the embryomc develop¬ 
ment of Drosophila melanogaster. — Proc. Nation. Acad. S^, 
U. S. America, vol. XXIII, pp. 133-137. 

Pratt H. S. 1900 . —^The embryonic history of the imaginal disoB m 
* Melopkagus ovinus L., together with an account of the earlier 
stages in the development of insects.— Proc, Boston, Soc, Nat* 
Hist,, vol. XXIX, pp. 241-272. 



88 


MITHAN LAL BOONWAL 


[VOL. IV, 


Pbovasoli, L. 1932.—Contributo alia biologia ed embriologia della 
OaleruceUa luteola (F. Mtiller) e de suo endofago TetraeHehus 
xanthomelaenae (Rom.). (Ooleop., H 3 rmenopt.) (Nota pre- 
liminare).— BoU. Lab, Zool. Agratia e BachicoL R, Inst, 
Sup, Agric, Milano, vol. Ill, pp. 53-66. 

Pbowazee, J. 1900.—Bau und EntwicUung der Collembolen .—Arbeit 
Zool. Inst, Wien,, vol. XII, pp. 386-370. 


R 

Rabinowitz, M. 1937.—Studies on the cytology and early embryology 
of the egg of Drosophila melanogaster, — Genetics, vol. XXII, 
pp. 204-206.' 

Rabito, L. 1898.—Sull’origine deirintestine medio nella Mantis religiosa, 
— Hat, Siciliano, Palertno, vol. II, pp. 181-183. 

Rabl, C. 1889.—^Theorie des Mesoderms.— Morph, Jahrb,, vol. XV, 
pp. 113-262, 

Rathee, H. 1832.—Zur Entwicklungsgeschichte von Blatta germanica, 
— Arch.f, Anat. Physiol, vol. VI, pp. 371-378. 

-1844.—Zur Entwicklungsgeschichte der Mauiwurfsgrille (QryU 

lotcUpa vulgaris), — Arch, f, Anat. Physiol., vol. XVIII, 
pp. 27-37. 

Redi, F. 1688.—Esperienze Intomo alia Generazione dqgrinsetti.— 
Florence. 

Reith, F. 1926.—Die Entwicklung des M^^Aca•Eios nach Ausschaltung 
verschiedener Eibereiche.— Zeit. f, u'iss. Zool,, vol. CXXVI, 
pp. 181-238. 

- —19M(a).- -Versuche iiber die Determination der Keimesanlage 

bei Camponotns lignipcrda, — Zeit.f. unss, Zool., vol. CXXXIX, 
pp. 664-734. 

— -1931(6).—Zur Experinientallen Analyse der Primitiventwicklung 

bei Insekten.— Die Naturwiss., vol. XIX. 

-1931(c).—t)ber entwicklungsmechanische Untersuchimgen am 

In^ktenkeim.— SchJesische Gesell. f, Vaterldndische KuUur, 
Biol. Sektion, vol. CIV, pp. 66-64. 

-1932.—Dber die Lokalisation der Entwicklungsfaktoren im 

Insektenkeim. I. Zentrifugierversuche an Ameiseneiem.— 
Arch.J. Entw.mech., vol. CXXVII, pp. 283-299. 

-1935.—^Uber die Determination der Keimanlage bei Insekten. 

(Ausschaltversuche am Ei des Russelk&fers, Sitona lineata.) — 
Zeit. f, wiss, Zool,, vol. CXLVll, pp. 77-100. 

Reyne, a. 1927.—Untersuchungen iiber die Mundteile der Thyscmop- 
teren.— Zool, Jahrb,, Abt, f, Anat. u, Ontog., vol. XLIX, 
pp. 391-600. 

Righabds, a. G. 1932.—Comments on the origin of the mid-gut in 
insects.— Jour, Morph., vol. LIII, pp. 433-441. 

Richards, A. G. and Miller, A. 1937.—^Insect development analyzed 
by experimental methods: a review. Part 1. Embryonic 
stages.— Jour, New York ErUom, Soc,, vol. XLV, pp. 1-60. 

Ries, E. 1931.—^Die Symbiose der Lause und Federli^e.— Zeit, f. 
Morph, Okol. Tiere, vol. XX, pp. 233-367. 

Riley, W. A. 1904.—^The ombryologioal development of the skeleton 
of the head of BUxUa, (Thesis.)— Amer. Nat,, vol. XXXVHI, 
pp. 717-816. 

Ritter, R. 1890.—^Die Entwicklung der Geschlechtsorgane und des 
Daimes bei CMronomus — Zeit, f, wiss, Zool,, vol. L, pp. 408- 
427. 

Bzzzx, M. 1912.—Sullo sviluppo dell’uovo di Bomhyx (Serioaria) mori 
L. nel primo mese deposizione.— Redia, vol. VIII, pp. 325- 
369* 



1938] RBCBKT ADVANOBS IN INSECT EMBBYOLOOY 


89 


Robin, C. 1862(a).—Memoire sur les globules polaires de I’ovule et sur 
le mode de leur production.—Oompl. Send. Acad. Set., vol. 

PP- 112-116. 

1862(6)—^M6moire but le production des cellules du blaatoderme 
8^8 segmentation du vitellus chez quelque articules.— Cofnpt. 
Rer^ Acad. Sci.. vol. LIV, pp. 160-153. (Also in Jour, 
de la Phytnol., vol. V.) 

Hondelli, M. 1925(a).—Osservazioni sulla symbiosi ereditaria negU 
Audi galliroli (Erioftoma). — Atti R. AccaJ. Sci. Torino., vol* 
LX, pp. 86-88. 

1925(6). Contributo alia conoscenza della simbiosi nogli £mato< 
fagi (Zeofhe). —Atti R. Accad. Sci. Torino., vol. LX, 
IvOONWAL, M, L. 1935(a).—Cber das Schneiden dotterreicher Eier.— 
Zool. Anz., vol. CX, pp. 17-18. 

1936(6).—Fate of the embryonic membranes in insects, —Current 
Science, vol. IV, pp. 317-318. 

- - -1936(a).—^Tho growth-changes anti structure of the ogg of the 
African Migratory Locust, Lociiatn migratoria migraiorioidea, 
R. & F. (Orthoptera, Acrididfis).— Bull. Entom. Rea., vol, 
XXVILpp. 1-14. 

-1936(6).—Studies on the embryology of the African Migratory 
Locust, Locuata migratoria migratorioidea, R. & F. (Orfchop- 
tera, Acridida*). I. The early development, with a new theory 
of multi-phased gastrulation among insects.— Phil. Trana, Roy. 
Soc. London, Ser. B., vol. CCXXVl, pp. 301-421. 

■— - -1937.—Studies on the embryology of the African Migratory 

Locustf Loew^^a migratoria migratorioidea, R. & F. (Orthoptera, 
Acridida*). IT. Organogeny.— Phil. Trana. Roy. Soc. London, 
Ser. B., vol. CCXXVll, pp. 176 244. 

--1939(a).—On a new law of the bi-triangular medial concentration 

of the cephalic appendages in the (^hilopoda and the Insecte — 
Jour. Morph., vol. LXIV, pp. 1-8. 

— - -1939(6).—Amplification of the theory of multi-phased gastrulation 

among insects, and its applicability i o some other Arthropods.— 
Trana. Nation. Inat, Sci. India, vol. 11, pp, 1-37, (Abstract 
in Proc. 25th Ind. Sci. Congr., 1938, Calcutta, Part III, Abatracta, 
p. 173.) 

Rydek, J. a. 1886(a).- The origin of the amnion.— Amer, Nat., vol. 
XX, pp. 179-185. 

— -1886(6).- -The development of Anurida 7naritima Gu6rin.—A/ner, 

Nat., vol. XX, pp. 299-302. 


S 

Saohtleben, H. 1918.—tJbor die Entwicklung der Geschlechtsorgane 
von Chironomua mit besonderer Beriicksichtigung der die 
Keimbahn begleitenden Substanzen. (Dissertation, pp. 1-59.) 
—^Munchen. 

Saito, 8. 1934.—^A study on the development of Tusser Worm, A niheraea 

pemyi, Gu^r.— Jour. Fac. Agric. Hokkadio Imp. Univ., 
Sapporo, vol. XXXIII, pp. 249-266. 

_1937.—On the development of the tusser, Antheraea pemyi, 

Gu6rin-M6n6ville, with special reference to the comparative 
embryology of insectS.— Jour. Fac. Agric. Hokkadio Imp. 
Univ., Sapporo, vol. XL, pp. 36-109. 

Sauno, T. 1907.—Zur Kenntnis der Entwicklung und des Keimstreifens 
von Tenebrio molitor L.—Zeit. f. wiaa. Zool., vol. LXXXVI, 
pp. 238-303. 

Samogoia, a. 1932.—^Nota sulla Rhagoletia ceraai, L.— Boll. Lab. Entom^ 
Bologna, vol. V, pp. 22-48. 



"90 MITHAN LAL ROONWAL [VOL. IV, 

ScHAEFSB, P. E. 1938.—^The embryology of the central nervous system 
of Phromia regina, Meigen (Diptera, OalliphoridsB).— Atm, 
Entom. Soc. Amer,^ vol. XXXI, pp. 92-111. 

ScHBiNERT, W. 1933.—Symbiose und Embryonalentwicklung bei 
Russelkafem.— Zeit. /. Morph, Okol. Tiere, vol. XXVII, 
pp. 76-128. 

Sc^HiMKEwiTSOH, W. 1886.—^Ueber die Identitat der Herzbildung bei 
den Wirbel- und wirbellcsen Tieren.— Zool. Anz,, vol. VIII, 
pp. 37-40. 

ScHiiEiP, W. 1908.—Die Richtungskbrper im Ei von Formica aanguinea, 
— Zool. Jahrh., Aht. f. Anat. u. Ontog,, vol. XXVI, pp. 661-682. 

Schl5zel, G. 1937. — Die Embryologie der Anopluren und Mallophagen. 
— Zeit. f. Paraaitenkd., vol. IX, pp. 730-770. 

Rchmidt, F. 1889.—Die Bildung dies Blastoderms und des Keimstreifens 
der MuRoiden.— Sitzungsher. naturf. OeaeU. Dorpat, vol. VIII, 
pp. 366-371. 

SCHMUCK, M. L. and Metz, C. W. . 1932.—^The maturation divisions and 
fertilization in eggs of Sciara coprophilaf Lint. (Diptora).— 
Proc. Nation. Ac^. Sci. U. S. America^ vol. V, pp. 349-362. 

Schneider, A. 1883(a).—Ueber die Entwicklung der Goschlechtsorgane 
der Insekten.— Zool. BeitrAge, {Herauage. von A. Schneider), 
vol. I, pp. 62-63. 

1883(6).—Ueber die Entwicklung der Serpularia bombi. — Zool. 
Beitrdge, {Heraiutge. von A. Schneider), vol. I. « 

- 1886(a).—Die Entwicklung der Geschlechtsorgane bei den 

InsoktOD.— Zool. Beitrdge, {Herauage. von A.jSchneider), vol. 1. 

1886(6).—^Ueber die Anlage der Gesohlechtsorgane und die 
Motairiorphose des Herzens bei den Insekten — Zool. Beitrdge, 
{Herauage. von A. Schneider), vol. I. 

St^HNETTER, M. 1934(a).—^Physiologisehe Untorsuchungen uber das 
Differenzierungszentmm in der Embiyonalentwicklung dor 
Honigbione.— Arch. f. Entw.mech., vol. CXXXI, pp. 285-323. 

934(6).—^Morphologische Untersuchungen uber das Differenzier- 
ungszontrum in der Embryonalentwicklung der Honigbieno.— 
Zeit.f. Morph. Okol. Tiere, vol. XXIX, pp. 114-195. 

SOHRADER, F. 1923.—^Tho origin of the mycetocytes in Paeudococcua ,— 
Biol. BuU., vol. XLV, pp. 279-296. 

ScHWANGART, F. 1904.—Studien zur Entodermfrage bei den Lepidopteren 
—Zeit.f. wiaa. Zool., vol. LXXVI, pp. 167-212. 

--1905.—Zur Entwickhmgsgeschichte der Lepidopteren.— Biol. 
Centrcdh^, vol. XXV, pp. 721-729; 777-789. 

-1906.—^O'ber die Beziehungen zwischen Darm- und Blutzollonbil- 

dung bei Endromis veraicolor, L. (Ein Beitrag zur Endothel- 
frage.)— Sitzungaber. OeaelL Morph. Phgaiol. Miinchen. 

ScHWARTZE, F. 1899.—Zur Kenntnis der Darmentwicklung bei Lepi> 
dopteren.— Zeit. f. iviaa. Zool., vol. LXVI, pp. 450-496. 

SoLATER, W. L. 1888.—On the early stages of the development of a 
South American species of Peripatua. — Quart. Jour. Micr. Set,, 
vol. XXVTII, pp. 343-363. 

Sedgwick, A. 1886.—^The development of the Cape species of Peripatua, 
Part I.— Quart. Jour. Micr. Sci., vol. XXV, pp. 449-468. 

-1886.—The development of the Cape species of Peripatua, 

Part II.— Quart. Jour, Micr. Set., vol. XXVI, pp. 176-2lL 

- — ~ 1887.—The development of the Cape species of Peripatua. 

Part III.— Quart. Jour. Micr. Sci., vol. XXVII, pp. 467-660. 

- --1888.—^The <levelopment of the Cape species of Peripatua, 

Part rV.— Quart. Jour, Micr, Sci,, vol. XXVIII, pp. 373-396. 
(Summary in Jour, Roy. Micr. Soc. Lond., 1888, pp. 409-410.) 

Sehl, a. 1931.—^Furchung und Bildung der Keimanlage bei der 
Mehlmotte, Epheatia kuchnieUa, Zell. Nebst einer allgemeinen 



RECENT ADVANCES IN INSECT EMBRYOLOGY 91 

^^boreieht iiber den Verlauf der Embryonalentwicklung.— 
Zeit.f, Morph. Okol. Tiere, voL XX, pp. 531-698. 

^ 1924.—Die GenchlechtBorgane in der embryonalen 
Entwiokliing von Pyrrhochoris apterus, L.— Zeit. /. Morph* Okol. 
Tiere, vol. 1, pp. 429-506. 

--1926. Die Ditenninierung der Keimanlage bei Insekten. I.— 
Biol. (^entrcUb., vol. XLVI. pp. 321-343. 

1928.—Die Diterminaticn der Keimanlage bei Insekten. II.-- 
Biol. Centralh., vol. XLVIII, pp. 230-261. 

1929(a). —Die Ditermination der Keimanlage bei Insekten. III. 
—Biol. Centralb., vol. XtlX, pp. 577-607. 

*929(6).—llntersuchmigen iiber das Bildungsprinzip der 
Keimanlage im Ei der Libelle Platycnemis pennipes. I-IV. 
— Arch. f. Entw.mech.^ vol. CXIX, pp. 322-440. 

^ 1931.—Die Reaktionsfolge im D e te nu ina tio ns gepe heh en des 
Libollenkoims.— Verhandl. deutach. zool. QeaeU. (Utrecht). 
pp. 193-200. 

--1932.—^Die Potonzen der Fiirrhungskeme im Libellenei mid ihre 

Rolle bei der Aktivionmg des Bildungszontrums. — Arch. Entw. 
mech.. voj. CXXVl, pp. 213-276. 

-1934.- Das Differeiizicrungszentruni im Libollenkeim. I. Die 

dynaniisehen Voraussetzungeii der Determination und Regula¬ 
tion.—A/W/./. Enfw.mech., vol. CXXXI, pp. 135-187. 

1935. — Dcir Aulageplan im Libellenei, zugleich eino Untorsuchimg 
uber dit' allgemeinoii Bedingungen fur defekte Entwicklung 
und Regulation bei dotterreichen Kioni.— Arch. f. Kntw.mech., 
vol. CXXXII, pp. 671 751. 

1936. Entwieklungsphysiologie dos lusektonkoim.— Verhan.dl. 
dculHvh zool. OescU. (Leipzig), vol. XXXVTII, pp. 291- 336. 

SfiiLEE. .1. 1924. Furehung flos SchmetterlingcMOs ohne Beteilung des 

Kems.--B/o/. (^entralb., vol. XLIV, pp. 68-71. 

Sell, W. 1919.—Boitrag zur Entwicklungsgeschifhte der viviporon 
Aphiden. (inaugural Dissertation. Unpublished.)—In the 
ITniversity Library at Munich. 

Selvatico. D. S. 1877.—^Alcimo ossorv’azione microcopioho doll’uovo del 
baeo do seta.—Ann. Ji. Staz.. Bacoloqia, Pwlova. 

-1881. - Sullo sviluppo embryonale dei Bombirini.— Boll. Bachicol., 

vol. VIIT. 

- 1882.—Sullo sviluppo enibrionalo dei Bombicini.— Ann. R. Staz. 

Bacologia, Padova. 

SuELDON, Lilian. 1889.—On the development of Peripatua Novob- 
Zealandice. — Quart. Jour. Micr. Sci., vol. XXIX, pp. 283-293. 

Shinji, G. O. 1919.—Embryology of the coccids, with special reference 
to the formation of the ovary and the differentiation of the 
germ cells, etc.— Jour. Morph., vol. XXXIII, pp. 73—167. 

__ 1922.—Origin and differentiation of the ovarian elements in 

aphids.— Jap. Zool. Mag. 

_1924.- Embryology of the coccids, with special reference to the 

origin and differentiation of ovarian elements, germ layers, 
nervous and digestive systems.— Bull. Imp. College Agric. 
Forest., Morioka, No. 6, pp. 1-61. 

SiLVESTTti, F. 1906—Contribuzioni alia conoscenza biologica degli 
lincnottori parassiti. I. Biologiu del Litonpjstix trunccUellus 
Dalm — Ann. R. Scuola Sup. Agric., Portici, vol. VI, pp. 1-61. 

_ 1908(a).—^Appmiti suUa Pro^paUa berleaei How., t specialmento 

sui primi stati del suo sviluppo.— Boll, Lab. Zool. R. Scuola 
Sup. Agric., Portici, vol. Ill, pp. 22-28. 

_ 1908 ( 6 ).—iiontribuzioni alia conoscenza biologica degli Imenotteri 

parassiti. II. Sviluppo doWAgeniaepia fuacicoUia Dalm. 
e note biografiche.—BoW. Lab. Zool. R. Scuola Sup. Agric., 
Portici, vol. Ill, pp. 29-64. 


1938] 

Seidel, 



92 


MITHAN LAL BOONWAL 


[VOL. IV, 


SiLVBSTai, F. 1908(c).—Contribuzioni alia conoscenza biologioa degli 
Imenotteri parassiti. III. Sviluppo dell’^ncyr^u^ 

Mayer.— BolL Lab. Zool. R. Scuola Sup. Agric.f PorUoi, voL 
III, pp. 64-72. 

-1908(d).—Contribuzioni alia conoscenza biologica degli Imenotteri 

parassiti. IV. Sviluppo deU’Oop^Aora aemblidea, Aur.— BoU. 
Lab. Zool. R. Scuola Sup. Agric., Portici, vol. Ill, pp, 72-83. 

-1910.—^Notizie preliminare sullo sviluppo del Copidosoma buyaaoni, 

Mayer.— Monitore Zool. Ital. (Ftrenzc), vol. XXI, pp. 296-298. 

-1914.—Prime fasi di sviluppo de Copidosoma buyaaom Mayer. 

(Imenotteri, Calcidide.)— Anat. Anz., vol. XLVII, pp. 46-46. 

-1916.—Struttura dell’ovo e prime fasi di sviluppo di alcuni 

Imenotteri parassiti. I-V.— BoU. Lab. Zool. R. Scuola Sup. 
Agric.^ Portici, vol. X, pp. 66-88. 

-1916.—Sulla maturatione delFovo, fecondazione e formazione del 

trophamnion nel Platygaoter dryomyiae Silv. (Imenotteri, 
Proctotrupide.)— Atti R. Accad. Lincei, vol. XXV, pp. 121-128. 

-1921.—Contribuzione alia conoscenza biologica degli Imenotteri 

parassiti. V. Sviluppo del Platygaster dryomyiae Silv. (fam. 
Proctotrupida*).— BoU. Lab. Zool. R. Scuola Sup. Agric., Portici, 
vol. XI, pp. 299-326. 

-1932.—Sullo appendici del capo degli ‘JapygidaB* (Thysanura 

Entotropha) o rispettivo confronta con quelle dei Ohilopodi, 
dei Diplopodi e dei Crostacei.— Fifth Congr Interuat. Entom.. 
Paris, pp. 329-343. 

— - —1937.—Insect polyembryony and its general biological aspects.— 

BuU. Mus. Comp. Zool. Harvard, vol. LXXXI, pp. 469-498. 

Slifeb. Eleanor, H. 1931.—Insect development. 11. Mitotic activity 
in tho grasshopper embryo.— Jour. Morph., vol. LI, pp, 
613-618. 

- —1932(a).—Insect development. III. Blastokinesis in the living 

grasshopper egg.— Biol. Centralb.. vol. LTI, pp. 224-229. 

-1932(6).—Insect development, IV. External morphology of 

grasshopper embryos of known age and with a known tempera¬ 
ture history.— Jour. Morph., vol. LIIl, pp. 1-23. 

-1934.—^Insect development. VI. The behaviour of grasshopper 

embryos in anisotonic, balanced salt solutions.— Jour. Exper. 
Zool., vol. LXVII, pp. 137-157. 

— -1936.—Morphology and development of the femoral chordotonal 

organs of MeUmoplus differentiedis (Orthoptera, Acrididec).— 
Jour. Morph., vol. LVIII, pp. 615-637. 

-1937.—^Tlie ongin and fate of the membranes surromiding the 

graashopper egg, together with some experiments on the 
source of the hatchmg enzyme.— Quart. Jour. Micros. Sci., 
vol. LXXVII, pp. 493-606. 

-1938(a).—The formation and structure of a special water- 

absorbing area in the membrane covering the grasshopper egg. 
— Quart. Jour, Micr. Sci., vol. LXXX, pp, 437-457. 

-1938(6).—^A cytological study of the pleuropodia of MeUmopVus 

differentialis (Orthoptera, Acrididse) which furnishes new 
evidence that they produce the hatching enzyme.—-Jowr. 
Morph., vol. LXIII, pp. 181-206. 

SuFEB, Eleanor, H. and Kino, R. L. 1933.—Grasshopper eggs and the 
paraffin method.— Scievoe, vol. LXXVIII, p. 366. 

-1934.—^Insect development. VII. Early stages in the develop¬ 
ment of the grasshopper eggs of known age and with a known 
temperature history.— Jour’. Morph., vol. LVI, pp. 693-601. 

Bmith, J. B. 1896.—^An essay on the development of the mouth-parts of 
certain insects.— Trana. Amer. Phil, Soc., vol. XIX, pp. 176- 
198. 



1938] RECENT ADVANCES IN INSECT EMBRYOLOGY 


93 


Smbeozynski, S. 1931.—Embryolog^cal investigation on the develop^ 
ment of the head of Silpha obscura, L. (Coleoptera). (In 
Polish.)— Rozpr, Wydz. nujU,-przyr. Akad, urn. Krakow, (B), 
vol. LXXl, pp. 1-29. 

- - 1932.—Enibryologische Untersuchungen iiber die Zusammen- 

setzung deg Kopfes von Silpha obacura, L. (Coleoptera).— 
ZooL Jahrh., Abt.f, Anat. u, Ontog., vol. LV, pp. 233-314. 

- 1934.—Beitrag zur Kenntnis der Entwicklungsgesehiehte des 

Russelkafers, Phyllohitta glamua Scop. (Coleoptera).— BtiU. 
Interruit. Acad. Polonaise (B), Cracovie, pp. 287-312. 

Snodqbass, R. E. 1926.—^From an egg to an insect.— Smithsonian 
Institution Kept, for 1925, pp. 373-414. 

- 1928.—Morphology and evolution of the insect head and its 

appendages.— Smithsonian Misc. CoU., vol. LXXXl, pp. 1-168. 

- 1935 .—^Principles of Insect Morphology. (Chapter II. General 

organization and development, pp. 1)4-47.)—New York. 

— -1938.—Evolution of the Annelida, Onycophora and Arthopoda. 

— Smithsonian Misc. Coll., vol. XCVIl, pp. 1-159. 

SoLLAiJD, E. 1933.- -Le blastopore et la question du ‘prostomium* 
chez les Crustaces.—57c»ae Session, Assos. Franc, avance. Sci., 
ChambSry. 

Spbicher. B. R. 1936.—Oogenesis, fertilization and early cleavage in 
Habrobracon. — Jour. Morph., vol. LIX, pp. 401-417. 

Spbyeb, W. 1929. — Die Embryonalentwicklung mid des Ausschlupfen 
dor Junglari^en von Psylla 'tnali Schm.— Zeit. f. Insektenhiol., 
vol. XXIV, pp. 215-220. 

Stbasbitboer, E. H. 1934.—Ober die Zellenbewegungou bei dor Eifur- 
chmig der Fhoge, ValHphora erythrocephala Meigen. - ‘Zeit. /. 
iviss. Zool., vol. CXLV, pp. 626-641. 

1936.— Drosophila meUxnogaster Meig. Eine Einfuhnmg in den 
Bau und <lie Entwicklung.—Berlin. 

Strasburgeb, E. H. und Korneb, L. 1939.—^Untersuchungen iiber 
die Wirkung der Polyphaen-Gens in der Entwicklung von 
Drosophila funebris. — Biol. Centrad., vol. LIX, pp. 366-387. 

Strindberg, H. 1913(a).—Eiiiig<» Stadion der Emb^onaleiitwicklung 
bei Myrmica rubra, outer bosonderer Beriicksichtigung der 
sogennante Entodermfrage.— Zool.Anz., vol. XLI, pp. 61^621. 

_1913(6).—Embryologische Studien an Insekten.— Zeit. f. wiss. 

Zool., vol. CVl, pp. 1-227. 

_ 1914(a).-Zur Konntnis der Hymenopterenentwicklung, Vespa 

wlgaris, nobst eiriigen Bemerkmigen uber die Entwicklung 
von Trachusa serrotulae.—Zeit. f. wiss. Zool., vol. CXU, 


pp. 1-47. 

- 19l4(6).-'Beitrage zur Keimtnis 
Orthoptei-en, Dixippus morosus Br. 


der Entwi(*klung der 
— Zool. Anz., vol. XLV, 


pp. /— 

_1915(a).—Zur Einfurchung der Hyinenopteren nebst einigen 

damit zusainmenh&ngenden Fragen.—ZooL Anz., vol. XLV, 
pp. 248-260. 

_1916(6)._Uber die Bildung und Verwendung der Keimbl&tter 

bei Bombyx mori h.—Zool. Anz., vol. XLV, pp. 677-697. 

— -1915(c)._Embryologisches iiber Forfletda auricularia. — Zool. 

Anz.. vol. XLV, pp. 624-631. 

_1916(d)._^Hauptzuge der, Entwicklungsgeschlchte von Sialis 

lutaria L.— Zool. Anz., vol. XLVI, pp. 167-186. 

_1915(c)_Noch cine Ameise ohne Serosa {Tetramonium caespitwn 

h.).--Zool. Anz., vol. XLVI, pp. 198-202. 

_1916(a).— Azteca sp. Eine Ameise mit totaler Eifurchung.— 

Zool. Anz., vol. XLVIII, pp. 166-168. 

_1916(6).—Zur Entwicklungsgeschichte und Anatomie der 

Mallophagen.— Zeit.f. wiss. Zool., voL CXV, pp. 382—469* 



94 MITHAN ULL ROONWAL [VOL. IV, 

Stbindbero, H. 1917(a).—0ber die Embryonalentwioklung von PuUx 
eHnacei (Bouohe).— Zool, Anz,, vol. XLVIll, pp. 258-263. 

--1917(6).—^Neue Studien fiber Ameisenembryologie.— Zool, Anz,, 

vol. XLIX, pp. 177-197. 

--1919(a).—^Zur Entwicklungsgesohichte der oviparen Cocoiden.— 

Zool. Avz., vol. L, pp. 113-139. 

- -1919(6).—^Die Eifurcnung von Tapino7na erraticum Latr. Ein 

Beitrag zur Entwicldungsgesohichte der Ameisen.— Zool. 
Anz.. vol. L, pp.204-207. 

Stuabt, R. R. 1936.—^The development of the mid-intestine in Melanoplua 
differerUicdis (AcrididsB, Orthoptera).— Jour. Morph., vol. 
LVIll, pp. 419-438. 

SucKOW, F. W. L. 1818.—^Anatomisch-phisiologische Untersuchungen 
der Insekten und Krustentliiere. I. Der Fichtenspinner 
{Bombyx pirn). II. Der Flusskrebs (Aatacua fluviatilis). 
Pp. 1-70.—Heidelberg. 

Swammerdam, J. 1737.—Byblia der Naturae.—Leyden. {English transla- 
tion, 1758: ‘The Book of Nature or the History of Insects. 
—London.) 


T 

Tannbeuther, G. W. 1907.—^History of the germ-cells and early 
embryology of certain aphids.— Zool. Jahrb., Abtj^f. Anal. u. 
Ontog.f vol. XXIV, pp. 6()9-642. 

Tanquary, M. C. 1913.—Biological and embryological studies of 
Formicidsp. HI. Studies on the embryology of Oamponotus 
herculeanus var. ferrugineus Fabr. and Myrmica scabrinodes 
var. sabuleti Meinort.— Bull. Illiuois State Lab, Nat. 
vol. IX, pp. 418-479. 

Teodobo, G. 1920.—Sulla embriologia delle Cocciniglie.— Redia^ vol. 
XIV, pp. 137-141. 

Thomas, A, J. 1936,—The embryonic development of the stick-insect, 
Carausius nwrosus. — Quxirt. Jour. Micr. Set.,, vol. LXXVIII, 
pp. 487-611. 

Thompson, V. 1934.—Studies on the rythmic activities of embryos 
(Orthoptera).— Anat. Bee., vol. LX, (Suppl.), p. 43. 

Tichomiroff, a. 1879.—"Cber die Entwicklungsgesohichte des 

Seidenwurms.— Zool. Anz., vol. 11, pp. 64-67. 

-1882.—On the ontogeny of the silk-worm, Bombyx rnori, within 

the egg. (In Russian.)— Imp. Obshch. Lyub'it. Eatest. Antrop. 
Ethnol. Moscow, vol. XXXII. (Also in Arbeit Lab Zool. Mus., 
Moscow, vol. I.) 

— -1887.—Sullo sviluppo delle uovo del Bombici del gelso.— Boll. 

Mens, Bachicol. Padova. 

-1890(a).—"Dber die Entwicklung der dalandra grauaria. — 8er 

Veraamml. ruaaiach. Naturf., Peterabourg. 

-1890(6).—t)ber die Entwicklung dor Caland/ra granaria. — Biol, 

CerUralh., vol. X, p. 424. 

-1891. D6veloppemont du ver k sole du mfirior {Bombyx mori) 

dans I’oeuf.— Lab. iJtudea Soie, Lyona. 

-1892.—Aus der Entwicklungsgesohichte der Insekten.— 

Festschrift, zum 70 Oeburtstag R. Leuckarts, Leipzig, pp. 337-346. 

Tiohomirowa, O. O. 1890(a).—^Ein Beitrag zur i&twicUung von 
Chryaopa. — 8er VersamnU. ruaaiach. NcUurf., Peterabourg. 

-1890(6).—^Zur Embryologie von Chryaopa. — Biol. Centralb., 

vol. X, p. 423. 

-1892.—Sur Thistoire du d^veloppement de Chryaopa perla .— 

Congr. Internal. Zool,, Moscow, pp. 112-119. 

Tieos, O. W. 1939.—^Embryology of Symphyla.— Nature, vol. CXLIU, 
pp« 334-335. 



1938] BBOBOT ADVAITOBS IN INSBCT BMBBYOIiOGY 95^ 

Tibqs, O. W, and Mueray, F. V. 1938.—^The embryonic development of 
Calaikdra oryzae.^vaH, Jour, Mior, Soi„ vol. LXXX, 
pp 159-284. 

TiRBiiLx, M. 1926.— Nota di teenica sulla fissazione e coloraziono delle 
Hfere vitellino.— Mem. Soc. Entom, Ital., vol V, pp. 214-225. 

-1928.—Sviluppo embrionale del filugello, illustrato fotografica- 
meute. —Le Seterie Milano^ vol. III. 

1929.---Fi8iologia degli insetti. Fenomoni chimici e chimico- 
fisioi nell’uovo del Bomhyx mori i-<. Viscostia, stratificazione, 
struttura e funzione delle sfere vitelline.— Atti Pontiftda 
Accad. Set. Nuovi Liveei, vol. LXXXll, pp. 123-137. 

---1930.—Atlante microfotografico della embnologia degli insetti 

{Bomhyx mori ),— [nsiit. Ital, Arti Orafiche, Bergamo, 

-“1931(o).—Ipotesi Bpa^ialo e mecoanica sulla blastooinosi degli 

insetti.— Zool. Jahrh., Aht, f, allgem, Zool, u. Physiol.^ vol. 
XLIX, pp. 59-68. 

-- -1931(6).—-Nota di teenica sulla fissazione e eolorazione delle 

sfere vitelline.— Ann, B, Staz, Bacicol, Sper., Padova, vol. 
XLVl, pp. 437-449. 

- - -1934(a).- Studi su aleuni fenomeni fisiologici nelle uova ibride 

del Bomhyx mori L.— Zool, .Jahrb,, Abt, /. Anat, u. Physiol,, 
vol. LTIl, pp. 367-410. 

-1934(6).—Spostamento del pigmento nello cellule della serosa 
durante lo sviluppo embrionale nel Bomhyx mori L, — Ann, B. 
Staz. Bacicol. Sper,, Padova, BoU. Zool,, vol. V, pp. 163-172. 

— —1935.—Per la migliore eonosezonza degli stadi enibryonali tipici 

lUustrati dal Grandori nel Bomhyx mori L.— Arch, Zool, Ital., 
vol. XXI, pp. 479-502. 

Tonon, a. 1925.—Variabilit4 dei earattori embriologici neiruovo di 
filugello durante la diapausa. Nota 1.— Atti, Inst. Ven, Venice, 
vol. X, pp. 1137-1146. (Also in Ann. B. Staz, Bacicol. Sper,, 
Padova, vol. XIV.) 

- —1927(a).—Variabilita dei caratteri Tibryologiei nell’uovo di 
filugello durante la diapausa. Nota 2.— An7i. B, Staz. Bacicol, 
Sper., Padova, vol. XV. 

-1927(6).—Le sfere vitelline ncll’uovo di filugello. Nota di 
teenica.— Ann. B, Staz. Bacicol. Sper., Padova, vol. XV. 

Toth, L. 1933.—Cber die fruhoinbryonale Entwieklung der viviparen 
Aphiden.— Zeit.f. Morph. Ofcol. Tiere, vol. XXVIT, pp. 692-731. 

-1935(a)-—Furchungsteilung der viviparen Aphiden. (In Magyar, 
with Gonnaii siunniary.)— Alla^. Kozletn, Budapest, vol. 
XXXII, pp. 119-122. 

1935(6).—lleitrage zur Keiintnis der Aphididonspeicheldruse.— 
Zeit. f. Morph. Okol. Tiere, vol. XXX, pp. 496-505. 

--1937.—Eiitwicklungszyklus und Symbiose von Pemphigus 

sjjirothecae (Aphidina).—ZrtV. /. Morph. Okol Tiere, vol. 
XXXIIl, pp. 412-437. 

Toyama, K. 1902.—Contributions to the study of silkworms. 1. On 
the embryology of the silkworm.— Bull. Agric, Poll. Tokyo 
Imp. Cmv., vol. V, pp. 73 118. 

Tschupboff, Mmk. H. 1903. — ^Cber die Entwieklung der Keimbl&tter 
bei den Libellen.— Zool. Anz,, vol XXVII, pp. 29—34. 

Tutt, J. W. 1894.— The life-history of a lepidopterous iiisect, comprising 
some account of its mor^ology and physiology. Chapter IV. 
Embryology.— Entom. Bee., vol. V, pp. 192-195; 210—217; 
241- 247. 


U 

UiCHANCO, L. B. 1924.—Studies on the embryogeny and postnatal 
development of the Aphidides, with special reference to the 



96 


MITHAN LAL EOOHWAL [VOL. IV, 


history of the symbiotic organ or myoetom .—Phillipme Jour, 
Set., vol. XXIV, pp. 143-247. 

XJmeya, Y. 1937.—^Preliminary note on experiments of ooplasm trans- 
fusion of silkworm eggs, with special reference to the deve^- 
ment of embryo.— Proc. Imp. Acad. Japan, Tokyo, vol. XIII, 
pp. 378-380. 

UzEL, H. 1897(o).—Vorl&ufige Mitteilung iiber die Entwicklung der 
Thysanuren.— Zool. Anz., vol. XX, pp, 125-132. 

-1897(6).—Beitr&ge zur Entwicklungsgeschichte von Cempodea 

ataphylinue Westw.— Zool. Anz., vol. XX, pp. 232-237. 

-- 1898.—Studien tiber die Entwicklung der apterygoten Insekten. 

Pp. 1-58.—Kdniggratz. 


V 

Vanky, C. and Conte, A. 1909.—Evolution du vitellus dans Toeuf 
du vor k soie.— Compt. Rend. Soc. Biol. Paris, vol. LXVII, 
pp. 87-88. 

-1910.—^Recherches sur le d6veloppement de Toeuf univoltine 

du ver k soie.— Compt. Rend. Acad. Sci., vol. CL, pp. 663- 
555. 

Verson, E. 1890.—Del grado di sviluppo che sogliono rc^giungere le 
uovo non fecondate del Filugello.— Boll. Soc. Entom. lUd., 
vol, XXI, pp. 118-123. 

-1898.—Zur Entwicklimg des Verdaungscanal beim Seidenspinner. 

— Zool. Anz., vol. XXI, pp. 431-436. 

--1909.—Zur Entwicklung der Buckengef&sses bei Sericaria mori .— 

Zool. Anz., vol. XXXIV, pp. 313-316. 

ViALiiANES, H. 1890.—Sur quelques points de Thistoire du d6veloppement 
embryonnaire de la Mante religieuse (Mantis religioaa). — Rev. 
Biol. Nord de la France, vol. II. 

-- — 1891.—Sur quelques points de Thistorie du d5veloppement 

embryonnaire de la Mante religieuse (Mantis religiose^. — Ann. 
Sci. Nat., vol. XI, pp. 283-328. 

VoELTZKow, A. 1888.—^Vorlaufige Mitteilung uber die Entwicklung im 
Ei von Muaca vomitaria. — Zool. Anz., vol. XI, pp. 235-236. 

—- 1889(a).—Entwicklung im Ei von Muaca vomitaria. — Arbeit 

zool.’Zoot. Inst. Wiirzburg, vol. IX, pp. 1-48. 

- 1889(6).— Mehlontha vulgaris. Ein Beitrag zur Entwicklung im 

Ei bei Insekten.— Arbeit, zool.-zoot. Inst. Wurzburg, vol. IX, 
pp. 49-64. 

Vogel, R. 1913.—Zur Topographie und Entwicklungsgeschichte der 
Leuchtorgane von Lampyris noctiluca. — Zool. Anz., vol. XLI, 
pp. 326-332. 


W 

Wagner, J. 1894.—^Einigo Betrachtungen uber die Bildung der 
Keimbl&tter, der Dotterzellen und der Embryonalhiillen bei 
Arthropoden.— Biol. Centralb., vol. XIV, pp. 361-376. 

Walczuch, A. 1932.—Studien an Cocoidensymbionten.— Zeit. f. Morph. 
Okol. Tiere, vol. XXV, pp. 623-729. 

Weber, H. 1937(a).—^Morphologic und Entwicklungsgeschichte der 
Arthropoden.— Fortschr. Zool. (Neue Folge), vol. I, pp. 111-121. 

-1937(6).—^Morphologic tmd Entwicklungsgeschichte der Arthro- 

poden.— Fortschr. Zool. (Neue Folge), vol. II, pp. 67-86. 

-1938.—^Morpholcgie und Entwicklungsgeschichte der Arthro¬ 
poden.— Fortschr. Zool, (Neue Folge), vol. III, pp, 55-92. 



1938J EEOBNT ADVANCES IN INSECT EMBBVOliOQY 


97 


Webbb, H. 1939.—Beitr&ge zur Kenntnis der 0berordiiung PsoooideA. 

6. Lebendbeobachtungen an der Elefantenlaus Haematomyzua, 
nebst vergleichenden Betraohtungen ilber die Lage des 
Embryos im Ei und das Auskriechen.— Biol, Centralb,, 
vol. LIX, pp. 397-409. 

Webster, F. M. and Phillips, W. J. 1912.—^Tho Spring Grain Aphis or 
‘Greenbug’.--!/.^. Dept, Agric,, Bur. Entom,^ Tech, Bull.t 
No. 110, pp. 1-163. 

Weismann, a. 1863.—Die Kntwicklimg dor Dipteren im Ei, naoh 
Beobachtungen an Chironomtia sp,, Musca vomitaria und 
Pulex cania.—Zeit, f. ivies, Zool, vol. XIII, pp. 107-220. 

-1864(a).—Zur Embryologie der Insekten.— Arch, f, Anat, 

Physiol, 

-1864(6).—Dio Entwicklung der Dipteren. I. Die Entwicklung 

der Dipteren im Ei. Pp. 1-100.—Leipzig. 

-1882.—Beitrftge zur Keimtnis der erston Entwicklungsvorg&nge 

im Insektenei.- — JBct7rd</e Aruit, u. Physiol, (Festschrift fiir 
T, Henle)y Bonn, pp. 1-32. 

Wheeler, W. M. 1889(a).—The embryology of Blatta germanioa and 
Doryphora decemlineata, — Jour, Morph,, vol. Ill, pp. 291-386. 

-1889(6).—Uomologues in embryo Hemiptera of the appendages 

of the first abdominal segment of other insect embryos.— 
Amer. Nat,, vol. XXIII, pp. 644-645. 

-1889(c).—^Uebor driisonartige Gebilde im erston Abdominal seg¬ 
ment dor Hemiptorenombryonen.— Zool, Anz,, vol. XII, 
pp. 500-504. (Summary in Jour, Hoy, Micr, Hoc, Lond., 
1889, p. 745.) 
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2. CLASSIFIED LIST. 

(o) Classified according to Insect Orders^ 

(A)—APTERYGOTA. 

1. Thysanura. 

Grassi, B. (1884, 6); Heymons, R. (1897, a, b); Heyraons, R. 
and HpymonB, H. (1906); Uzel, H. (1897, a, 6); Silvestri, F. 
(1932). 


2. Protura. 


No references. 


3. Gollembola. 

Barrois, L. (1879); Carl, F. (1903); Clnypole, M.A. (1892; 
1898); Folsom, H. (1900); Hoffmann, R. W. (1911) ; lA>inoinc, V. 
(1883); Oiilganinc, M. [Uljanin, M.] (1876; 1876); Packard, A, S. 
(1870; 1871, a); Pliiliptschenko, J. (1912, a, b); Prowazek, .1. 
(1900); Ryder, J. A. (1886, b); Uzel, H. (1898). 


(B)—PTERYGOTA. 

(a) Exoptebyoota. 

4. Orthoptera 

Ayers, H. (1884); Baden, V. (1936); Baehr, W. B. Von 
(1907); Blochmann, F. (1887, b); Cappe de Baillon, P. (1920; 
1926); Cappe do. Baillon, P. and Pillault, R. (1937); Cho- 
lodkowsky, N. A. (1888: 1890, a, b; 1891, a, c, d); Else, F. L. 
(1934); Faussek, V. (1911); Giardina, A. (1897); GraW, V. (1888, 
flf, c; 1890; 1891, a, b, e); Hagan, H. R. (1917); Hallez, P. 
(1886; 1886); Hammcrachmidt, J. (1910); Heymons, R. (1890; 
1891, o, 6; 1892; 1896, a; 1897, c); King, R. L. and SUfer, E. H. 
(1934); Korotneff, A. (1883; 1886); Krause, G. (1934; 1938); 
Lehmann, F. (1926); Ijeuzinger, H. and Wiesmann, R. (1926); 
McNabb, J. W. (1928); Nelsen, O. E. (1931; 1934, a, b ); Nusbaum, 
J. (1883; 1886); Nusbaum, J. and Fulinski, B. (1906; 1909); 
Oka, H. (1934); Packard, A. S. 1883); Patten, W. (1884); 
Payne, N. M. (1934); Pflugfelder, O. (1937, 6); Rabito, L. 
(1898); Rathke, H. (1832; 1844); Riley, W. A. (1904); Roonwal, 
M. L. (1936, a,b; 1936, a, b; 19.37); Slifer, E. H. (1931; 1932, a,b; 
1934; 1936; 1937; 1938, o, 6); Slifer, E. H. and King, R. L. 
(1933; 1934); Strindberg, H. (1914, b); Stuart, R. R. (1936); 
Thomas, A. J. (1936); Thompson, V. (1934); Viallanes, H. 
(1890; 1891); Wheeler, W. M. (1889, a; 1890, a, c, d; 1893); 
Wiesmann, R. (1926). 
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5. Dermaptera. 

Hansen, H. J. (1894); Heymons, R. (1893, a; 1896, o; 1909; 
1912); Strindberg, H. (1915, c). 


6. Plecoptera. 

Miller, A. (1939). 

7. Isoptera. 

Holmgren, N. (1909); Knower, H. M. (1896; 1900); 
Strindberg, H. (1913, b). 


8. Embloptera. 

Kershaw, W. (1914). 


9. Psocoptera. 

Fernando, W. (1934); Jentsch, S. (1936); Melnikow, N. 
(1869). 

10. Anoplura (including Mallophaga). 

Fernando, W. (1933); Grimm, 0. (1870, a); Melnikow, N. 
(1869); Ries, E. (1931); Sohlozel, Q. (1937); Strindberg, H. 
(1916, 6); Swammerdam, J. (1737); Weber, H. (1939). 

11. Ephemeroptera. 

Heymons, R. (1896, o, c;) Joly, N. (1876, a, b). 

12. Odonata. 

Brandt, A. (1869); Graber, V. (1888, a); Heymons, R. 
(1896, a); Packard, A. S. (1868; 1871, a); Seidel, F. (1926; 
1928; 1929, o, 6; 1931; 1932; 1936); TschuprofiF, Mme. H, 
(1903). 

13. Thysanoptera. 

Reyne, A. (1927). ^ 


14. Hemiptera. 

Baker, A. C. (1921); Balbiani, E. G. (1866; 1871, a, b 
1886); Brandt, A. (1869); Brass, A. (1883); Breest, F. (1914) 
Buchner, P. (1911; 1918); Canto, P. (1896); Fijalkowska, J 
(1928); Gillardi, H. (1934); Graber, V. (1878; 1888, a); Hagan 
H. R. (1931); Henking, H. (1891, o); Herold, M. (1876) 
He3rmons, R. (1899, o); Hirschler, J. (1911; 1912); Hussey 
P. B. (1926); Huxley, T. H. (1868); Johnson, C. G. (1937) 
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Karawajew, W. (1893); Klevenhusen, F. (1927); Kozlowski, A. 
(1939); Leydig, F. (1848; 1860); Mellanby, H. (1936; 1936); 
MetechnikofF, E. (1866, a, 6); Morgan, T. H. (1906); Morril, 
C. V. (1910); Muir, F. A. G. and Kershaw, I. C. (1911; 1912); 
PaiUot, A, (1938); Podaschenko, D. (1890); Pflugfelder, O. 
(1937, a); Phillips, W. J. (1916); Pierentoni, U. (1909; 1910, 
a, b\ 1911, a, 6; 1912, a, 6; 1914, a, 6); Poluszynski, G. (1911); 
Rondelli, M. (1926, a, h)\ Schrader, F. (1923); Seidel, F. (1924); 
SeU, W. (1919); Shinji, G. 0. (1919; 1922; 1924); Speyer, W. 
(1929); Strindbderg, H. (1919. a); Tannreuther, G. W.'(1907); 
Teodoro, G. (1920); Toth. L. (1933; 1936, a, 6; 1937); Uichanko, 
L. B. (1924); Walczuch, A. (1932); Webster, F. M. and PhilUps, 
W. J. (1912); Wheeler, W. M. (1889, h, c; 1890, e); Will, L. 
(1883; 1888, a, b); Witlaczil, E. (1884); Zacharis, O. (1884). 


(/3) Endoptebygota. 

15. Neuroptera. 

Du Bois, A. M. (1936; 1938); Packard, A. J. (1871, b; 
1872); Strindberg, H. (1916, d); Tichomirowa, O. O. (189(), a, 
b; 1892). 

16. Mecoptera. 

No references. 


17. Trlchoptera. 

Graber, V. (1888, a); Marshall, W. o. (1907, 6); Melnikow, 
N. (1869); Patten, W. (1884); Zaddach, G. (1854). 

18. Lepidoptera. 

Acqua, C. (1932, a, b) ; Bataillon, E. and Tchou-Su. (1928; 
1931; 1933); Beer, S. (1932); Bobretzky, N. (1878, a, 6); 
Christensen, P. ,7. H. (1937); Della Pieta, S. (1935); Drummond, 
M. (1936); Eastham, L. E. S. (1927; 1930, 6); Foa, A. (1919, 
a, 6); Friedmann, N. (19.34); Ganin, M. (1869, a); Graber, V. 
(1888, a ; 1890; 1891, a); Grandori, R. (1913; 1916, a, b; 1916 ; 
1919, a, b; 1920; 1924 a, b; 1926, a, b; 1929, a, b, e; 1930; 1932, 
a, b ); Hatschek, B. (1877); Henking, H. (1890); Henson, H. (1932); 
Hirschler, J. (1906; 1907, a, b); Huie, L. H. (1918); Ishiwata, 
S. (1913); Johannsen, 0. A. (1929); Kowalewsky, A. (1871); 
Lautenschlager, F. (1932); Malpighi, M. (1669); Mariani, G. 
(1937); Maschlanka, H. (1938); MQllor, K. (1938); Niceta, F. 
(1930); Nusbaum, J. (1884); Paillot, A. (1938): Planter, G. 
(1888); Rizzi, M. (1912); Saito, S. (1934; 1937); Schwangart, 
F. (1904; 1906; 1906); Schwartze, F. (1899); Sehl, A. (1931); 
Seiler,.!. (1924); Selvatico,D. S. (1877; 1881; 1882); Strindberg 
H. (1916, 6); Suckow, F. W. L. (1818); TichomirofiF, A. (1879; 
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1882; 1887; 1891); TireUi, M. (1926; 1928; 1929; 1930; 1931, 
a,h\ 1934, a, &; 1936); Tonon, A. (1926; 1927, o, 5); Toyama, K. 
(1902); Tutt, J. W. (1894); Umeya, Y. (1937); Vaney, C. 
and Conte, A. (1909; 1910); Verson, E. (1890; 1898; 1909); 
Wiesmann, R. (1936); Wong, W.-S. and Li, H.-H. (1934); 
Woodworth, C. W. (1889). 


19. Goleoptera. 

Blunck, H. (1914); (2) Brauer, A. (1926, a, 6); Brauer, A 
and Taylor, A. C. (1936); BushneU, R. J. (1936); Butt, F. M 
(1936); Carri^re, J. (1891); Cody, F. P. and Gray, I. E. (1938) 
Czerski, S. (1904); Deegener, P. (1900); Emden, F. Van. (1926) 
Ewest, A. (1937); Friederichs, K. (1906); Fulinski, B. (1910 
1911); Grabor, V. (1888, a, b; 1890, a, b; 1891, a, b, d, e);Hallez 
P. (1886); Hegner, R. W. (1908; 1909, a, b; 1910; 1911, a 
b, c); Heider; K. (1886; 1889; 1890); Hess, W. N. (1921) 
Hirschler, J. (1907, c; 1908; 1909, a, b); Hodson, A. C. (1934) 
Tnkmann, F. (1933); Joly, M. (1844); Koch, A. (1931, a, b 
1936, a, by, KoUiker, A. (1842); Korschelt, E. (1^2; 1924) 
Kowalewsky, A. (1871); L^caillon, A. (1897, a, h\ 1898, a, h) 
Longchamps, M. de S. (1904); Mansour K, (1927; 1934; 1936 
1938); Megusar, F. (1906); Melnikow, N. (1869); Metschnikoff 

E. (1866, 6); Nuebaum, J. (1889, a, 6; 1890, 6);Packard, A. S 

(1872); Paterson, N. F. (1931; 1932; 1935); Patten, W. (1888) 
Petrunkewitsoh, A. (1898); Pierantoni, U. (1927; 1929 

1930); Provasoli, L. (1932); l^ith, F. (1935); SaHng, T. (1907) 
Scheinert, W. (1933); Smreczynski, S. (1931; 1932; 1934) 
TichomirofF, A. (1890, a, 6); Tiegs, 0. W. and Murray, F. V 
(1938); Voeltzkow, A. (1889, 5); Vogel, R. (1913); Vhieeler 
W. M. (1889, a); Wiemann, H. L. (1910, a\ 1911); Williams 

F. X. (1916); Wray, D. L. (1937). 


20. Strepsiptera. 

Brues, C. T. (1903); Hoffmann, R. W. (1913; 1914); 
Noskiewicz, N. and Poluszynski, G. (1924; 1928; 1935). 


21. Hymenoptera. 

Ayers, H. (1884); Bledowski, R. and Krainska, M. K. (1926); 
Bloohmann, F. (1884; 1886; 1889); Biitschli, 0. (1870); Butt, 
F. M. (1934, a) ; Carriere, J. (1890, a, h)\ Carriere, J. and Burger. 
O. (1897); Daniel, D. M. (1932); Dickel, 0. (1902; 1904); 
Doncaster, L. (1905); Ganin, M. (1869, a); Gatenby, J. B. (1917; 
1918, a, 6; 1920); Giard, A. (1898); Graber, V. (1888, a; 1890); 
Grandori, R. (1911); Grassi, B. (1884, a; 1886); Heobt, 0. (1924); 
Hegner, R. W. (1914, c; 1915); Henneguy, L. F. (1891; 1892); 
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mil, C. C. (1922; 1923; 1926); Howard, L. 0. (1937); Jackson 
D. J. (1928; 1935); Kowalewsky, A. (1871); Kulagnin, M. N 
(1890, a, b; 1892, a, b; 1897); I^iby, R. W. (1922; 1926; 1928) 
Leiby, R. W. and Hill, C. C. (1923; 1924); Kowalewsky 

A. (1871); LiUenstern, M. (1933); Marchal, P. (1897, a, b 
1898, a, b, c; 1899; 1903; 1904, a, 6, c; 1906; 1912); Marshall 
W. S. (1907, a); Marshall, W. S. and Dernehl, P. H. (1906) 
Martin, F. (1914); MetschnikofF, E. (1866, 6); Nelson, J. A 
(1911; 1912; 1914; 1916; 1918); Packard, A. S. (1872); Paillot 
A, (1937); Parker, H. L. (1931); Patten, W. (1887); Patterson 
J. T. (1919; 1921); Petrunkowitsch, A. (1901; 1902); Provasoli 
L. (1932); Reith, F. (1931, a; 1932); Schleip, W. (1908) 
Schnetter, M. (1934, a, 6); Silvestri, F. (1906; 1W8, a, b, c, d 
1910; 1914; 1916; 1916; 1921); Speicher, B. R. (1936) 
Strindberg, H. (1913, a; 1914, a; 1916, o, e; 1916, o; 1917, b 
1919, 6); Tanquary, M. C. (1913); Weismann, A. (1882). 


22. Diptera. 

Aiitcn, M. (1934); Baer, K. E. Von. (1863; 1866); Balbiani, 
E. (». (1886); Blochmann, F. (1887, 6); Brauer, F. (1864); 
Butschli, O. (1888); Butt, F. M. (1934, a, 6); Child, G. P. and 
Howland, R. B. (1933); Craven, W. N. (1909); Du Bois, A. M. 
(1932; 1933, a, b ); Esoherioh, K. (1900, a, b ; 1902, b ); Felt, E. P. 
(1911, a, 6); Gabritschevsky, E. (1928); Gambrell, F. L. (1933), 
Geigy, R. (1931); Graber, V. (1888, o; 1889,6; 1891, o); Grimm, 
0.(1870,6): Ha.s|)er, M. (1911); Hegner, li W. (1912); Henking, 
H. (1888, 6); Hinman, E. H. (1932); Holmgren, N. (1904); 
Howland, R. B. and Child, G. P. (1933; 1936); Howland, R. B. 
and Sonnenblick, B. P. (1936); Huettner, A. F. (1923; 1936); 
Jaworowski, A. (1879; 1882); I^hle, W. (1908); KoUiker, A. 
(1842); Kowalewsky, A. (1886); Kupffor, C. (1866; 1867); 
Lassmann, G. W. P. (1936); Leuokart, R. (1868; 1866); Lowno, 

B. (1895); Melnikow, N. (1869); MetschnikofF, E. (1866; 1866, 
6); Miall, L. C. and Hammond, A. R. (1900); Noack, W. (1901); 
Parks, H B. (1935; 1936); Pauli, M. E. (1927); Poulsen, D. F. 
(1937 a, 6); Pratt, H. S. (1900); Rabinowitz, M. (1937); Reith, 
F (1925); Ritter, R. (1890); Sachtleben, H. (1918); Schaefer, 
P E (1938); Schmidt, F. (1889); Schmuok, M. L. and Metz, 

C. ' W. (1932); Strasburger, E. H. (1934; 1936); Strasburger, 
E H and Koiner, L. (1939); Voeltzkow, A. (1888; 1889, a); 
Weismann, A. (1863; 1864, 6; 1882); Wheeler, W. M. (1891, a). 


23. Aphaniptera. 

Balbiani, E. G. (1876); Leeuwenhoek, A. Van. (1696); 
Packard, A. S. (1872); Strindberg, H. (1917, a); Weismann, A. 
(1863). 
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(6) General. 

Agassiz, L. (1851); Baer, K. E. Von. (1828); Balbiani, 
E. 6. (1882; 1885); Balfour, E. M. (1880); Berlese, A. (1808; 
1899; 1909; 1913); Blochmann, F. (1887, b, c); Bobretzky, 
N. (1878); BraAdt, A. (1876; 1880, a, b); Braem, P. (1895); 
Bruce, A. T. (1887); Buchner, P. (1930); Bugnion, E. (1921); 
Burmeister, H. (1836); Carridre, J. (1891); Cholodkowsky, N. 
(1889; 1891, b, c); DawydoflF, C. (1928); Deegener, P. (1914); 
DepdoUa, P. (1928); Dohrn, A. (1866; 1876); Eastham, L.E.S. 
(1930, a); Emery. (1889); Escherich, K. (1900, c; 1901; 1902, 
a); Faussek, V. (1911); Gadzikiewicz, W. (1^6); Ganin, M. 
(1869, b; 1874, a, b); Goodrich, E. S. (1896; 1897); Graber, V- 
(1877-1879; 1§78; 1879; 1888, o, b, c; 1889, a, b, c; 1890, a; 
1891, a, b, c, e, /); Grassi, B. (1889); Haase, E. (1889, o, b); 
Haeckel, E. (1874; 1877); Hallez, P. (1886; 1887); Hegner, 
R. W. (1911, c; 1914, a, b; 1917); Heider, K. (1897; 1928); 
Henking, H. (1888, a; 1891, 6; 1892); Henneguy, L. P. (1904); 
Henrikson, K. (1928); Hertwig, 0. (1906); Hertwig, 0. and 
Hertwig R. (1881); Hertwig, R. (1881); Heymons, R.»(1893, b; 
1894, a, b; 1895, b; 1896 b, d\ 1897, d, f ; 1898, b; 1899, b; 1906); 
Heys,F. (1931); Hirschler, J. (1924; 1939); Hussey P.B. (1926); 
Imms, A. D. (1934; 1937); Jackson, D. J. (1936); Jaworowski, 
A. (1882; 1891; 1897); Joly, N. (1844); Kellog, V. L. (1902); 
Kessler, Fr. H. (1879); KoUiker, A. (1842); Korotneff, A. (1894); 
Korschelt^ E. (1936); Korschelt, E. and Heider, K. (1892; 1910); 
Kowalewsky, A. (1871); Lang, A. (1891; 1903); Lrouwenhoek, 
A. Van. (1696); Leiby, R. W. (1928); Lubbock, J. (1869); 
Macbride, E. W. (1914); Mayer, P. (1876); Melnikow, N. (1869); 
MetschnikofiF, E. (1866, b ); Needham, J. (1931; 1934); Nusbaum, 
J. (1889, 6; 1890, a); Packard, A. S. (1872; 1876); Pander, H. C. 
(1817); fatten, W. (1887; 1890); Patterson, J. T. (1927); 
Petrunkewitsch, A. (1933); Rabl, C. (1889); Redi, P. (1688); 
Richards, A. G. (1932); Robin, C. (1862, a, b); Roonwal, M. L. 
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Silvestri, P. (1937); Smith, J. B. (1896); Snodgrass, R. E. (1926; 
1928; 1936; 1938); Swammerdam, J. (1737); Tichomiroff, A. 
(1892); Wagner, J. (1894); Weber, H. (1937, a, b; 1938); 
Wmsmann, A. (1864, a; 1882); Wheeler, W. M. (1890, 6; 
1891, b, c; 1892, a, 6); Wielowiejski, H. R. (1886); Willey, A. 
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E. (1931); Rondelli, M. (1925, a, b); Scheinert, W. (1933); Toth, 
L. (1937); Walczuch, A. (1932). 

{e) Other Arthropods, etc. 

(1) Brauer, A. (1894; 1895); Cholodkowsky, N. (1895); 
Faussek, V. (1911); Glen, E. H. (1919); Goodrich E. S. (1896; 
1897); Grassi, B. (1884, b); Heymons, R. (1897, e; 1898, a; 
1901); Kennel, J. (1886; 1888); Kishinouye, K. (1894); Manton, 

S. M. (1928; 1934); Metschnikoff, E. (i874; 1876); Nair, B. 
(1939); Pflugfelder, 0.(1932); Roonwal, M. L. (1939,o): Sclater, 
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F. W. L. (1818); Tiegs, 0. W. (1939); Willey, A. (1898); Zograf, 
N. [Sograff, N.| (1882; 1883). 


VI. APPENDIX. 

While thifl work was m the press, three noteworthy papers have 
appeared whicli deserves mention. Firstly, H. R. Haqan {Ann, Entom, 
Soc. Amer., vnl. XXXTI, pp. 264-266, 1939) deseribt^s in a viviparous 
eockroaeh of the Hawaiian Islands, Diphptern dytiscoides, remarkably 
long and tubular pleuropodia which presumably convey nutriment from 
the maternal genital cavity to the embryo through the micropylar 
aperture in the egg-wall. Secondly, in an advance abstract of his 
dissertation on the embryology of Pteronarcys proteus (Plecoptera), kindly 
sent by Dr. A. Millbb (for Part I, already published, see p. 83), it is 
shown that the lahraU antennary, intorcalary, mandibular, maxillary and 
labial pairs of coelom sacs are devoh^ped in the head, the labral pair being 
of special interest. Lastly. E. L. Kessel (Smithsonian Misc. ColL, vol. 
XCVIIl, No. 3, 1939) gives us the first comprehensive account of the 
embryology of some fleas (Aphaniptera). 



